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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to polypropylene resin compositions, and more particularly to polypropylene 
resin compositions which exhibit excellent heat-sealing strength, low-temperature Impact resistance, transparency, 
blocking resistance and slip properties when they are used in the form of films. 

BACKGROUND OF THE INVENTION 

[0002] Polypropylene resins have excellent rigidity and heat resistance, but have a defect of poor impact resistance, 
particularly poor impact resistance at low temperatures. To remove this defect, it is well known to blend the polypro- 
pylene resins with a rubber component comprising an ethylene/propylene random copolymer or an ethylene/butene 
random copolymer. 

[0003] In the conventional polypropylene resin compositions, however, the dispersed particles of the rubber compo- 
nent such as the ethylene/propylene random copolymer or the ethylene/butene random copolymer are large, so that 
a film of the composition does not have sufTiciently high heat-sealing strength. For this reason, it is difficult to obtain a 
composition capable of producing films of good balance between the heat-sealing properties and the impact resistance. 
Besides, the conventional compositions suffer bad transparency. 

[0004] In order to Improve the balance between the heat-sealing properties and the impact resistance of films, blend- 
ing of the propylene resin with an ethylene/a-olefin random copolymer and further a propylene/a-olefin randorn copol- 
ymer has been proposed in Japanese Patent Laid-Open Publication No. 43242/1989. 

[0005] EPnA-716 121 describes a composition of polypropylene and a propylene-butene copolymer with a low mo- 
lecular weight distribution and high randomness. 

[0006] Even if the above blending is performed, however, the balance between the heat-sealing properties and the 
impact resistance, the transparency and the blocking resistance of films of the resulting blend are still insufficient. 
[0007] Accordingly, development of polypropylene resin compositions capable of producing films having not only 
excellent heat-sealing properties but also excellent impact resistance, In particular low-temperature impact resistance, 
transparency and blocking resistance has been desired. 

OBJECT OF THE INVENTION 

[0008] The present invention is intended to solve such problems associated with the prior arc as described above, 
and it is a main object of the invention to provide a polypropylene resin composition capable of producing films and 
sheets having not only excellent heat-sealing properties but also excellent impact resistance, in particular low-temper- 
ature impact resistance, transparency, blocking resistance, blushing resistance and scratch resistance. 

SUMMARY OF THE INVENTION 

[0009] The polypropylene resin composition according to the present invention is a polypropylene resin composition 
comprising 

(a) 50-99 wt.-% of a polypropylene resin (A) and 

(b) 50-1 wt.-% of a rubber component (B) comprising 

b1 ) an ethylene random copolymer (B1 ) of ethylene and a C3.20 a-olefin, and having the following properties: 
(1-1) a density of 0.850-0.900 g/cm^. 

(2-1 ) a melt flow rate (ASTM D 1 238, 1 90**C. 2.1 6kg load) of 0.1-30 g/1 0 min, and 

(3-1) a degree of crystallinity, measured by X-ray diffractometry, of less than 40%; and 

(b2) a propylene/1 -butene random copolymer (B2) containing 50-95 mol-% of constituent units derived from 
propylene and 5-50 mol-% of constituent units derived from 1 -butene, and having the following properties: 

(1-2) a melt flow rate (ASTM D 1238. 230*C. 2.16 kg load) of 0.1-50g/10 min, 
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(2-2) a molecular weight distribution (Mw/Mn), determined by GPC, of not more than 3.0, and 

(3-2) a B-value, indicating the randomness of the copolymerized monomer sequence distribution, of 
1 .0-1 .5, wherein B = P^J(2P^ x P2), where is the molar fraction of the first monomer. Pg is a the molar 
fraction of the second monomer fraction and P^2 *s the proportion of the first monomer-second monomer 

sequences to ail the dyad sequences; 

and the weight ratio (B1 )/(B2) of the ethylene random copolymer (81 ) to the propylene/1 -butene random copolymer 
(B2) in the rubber component (B) is in the range of 95/5 to 20/80. 

[0010] The ethylene random copolymer (81) is, for example, a linear ethylene/a-olefin random copolymer. 
[0011] This linear ethylene/a-olefin random copolymer preferably has the following properties: 

(a) the density is in the range of 0.850 to 0.900 g/cm^, 

(b) the intrinsic viscosity (ii), as measured in decahydronaphthalene (decalin) at 135 °C, is in the range of 0.3 to 
3.0 dl/g, 

(c) the glass transition temperature (Tg) is not higher than -50 ^'C, 

(d) the crystallinity. as measured by X-ray diffractometry, Is less than 40 %, 

(e) the molecular weight distribution (Mw/Mn). as detennined by GPC, is not more than 3.0, 

(f) the parameter B value, which indicates randomness of a copolymerized monomer sequence distribution, is in 
the range of 1 .0 to 1 .4, and 

(g) the ratio gii* of the intrinsic viscosity (r|) detennined as the property (b) to the intrinsic viscosity (n)biank a 
linear ethylene/propylene copolymer having the same weight-average molecular weight (measured by a light scat- 
tering method) as this copolymer and having an ethylene content of 70 % by mol, fn)/(Ti)biank. 's more than 0.95. 

[0012] The linear ethylene/a-olefin random copolymer is preferably an ethylene/a-olefin random copolymer obtained 
by random copolymerizing ethylene and an a-olefin of 6 to 20 carbon atoms in the presence of a metallocene catalyst 
comprising a metallocene compound represented by the following formula (I) or (II). 




wherein M is a transition metal of Group IVB of the periodic table, 

and R^^ each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms which may 
be substituted with halogen, a silicon-containing group, an oxygen-containing group, a sulfur-containing group, a 
nitrogen-containing group or aphosphorus-containing group, 
R13 and R'''* are each an alkyi group of 1 to 20 carbon atoms. 

and X2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group, and 
Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 
carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -0-, -CO-, -S-, -SO-, 
-SO2-, -NR7., -P(R7)-. -P(0)(R7)-. -BR7- or -AIR^- (R^ is a hydrogen atom, a halogen atom, a hydrocarbon group 
of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms; or 
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wherein M is a transition metal of Group IVB of the periodic table, 

the groups R2i may be the same or different, and are each a hydrogen atom, a halogen atom, an alkyi group 
of 1 to 10 carbon atoms which may be halogenated, an aryl group of 6 to 10 carbon atoms, -NR2, -SR, -OSiRj, 
-SiRg or -PR2 (R is a halogen atom, an alky! group of 1 to 1 0 carbon atoms or an aryl group of 6 to 1 0 carbon atoms), 
R22 to R28 are each the same as R21, or adjacent groups of R22 to R28 may fonm an aromatic ring or an aliphatic 
ring together with the atoms to which they are bonded, 

X3 and X4 may be the same or different, and are each a hydrogen atom, a halogen atom, OH group, an alkyI group 
of 1 to 1 0 carbon atoms, an alkoxy group of 1 to 1 0 carbon atoms, an aryl group of 6 to 1 0 carbon atoms, an aryloxy 
group of 6 to 10 carbon atoms, an alkenyl group of 2 to 10 carbon atoms, an arylalkyi group of 7 to 40 carbon 
atoms, an alkylaryl group of 7 to 40 carbon atoms or an arylalkenyl group of 8 to 40 carbon atoms, and 
Zis 
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=BR29 =AIR29 -Ge-, -Sn-. -0-, -S-. =S0. =S02, =NR29 =C0. =PR29 or =P(0)R29 (R29 and R30 may be the same 
or different, and are each a hydrogen atom, a halogen atom, an alkyl group of 1 to 10 carbon atoms, a fluoroalkyi 
group of 1 to 10 carbon atoms, an aryl group of 6 to 10 carbon atoms, a fluoroaryl group of 6 to 10 carbon atoms, 
an alkoxy group of 1 to 10 carbon atoms, an alkenyl group of 2 to 10 carbon atoms, an arylalkyi group of 7 to 40 
carbon atoms, an arylalkenyl group of 8 to 40 carbon atoms or an alkylaryl group of 7 to 40 carbon atoms, or R29 
and R30 may form a ring together with the atoms to which they are bonded, and IVP is silicon, germanium'or tin). 

[0013] The ethylene random copolymer (B1 ) may also be a long-chain branched ethylene/a-olefin random copolymer. 
[0014] The long-chain branched ethylene/a-olefin random copolymer preferably has the following properties: 

(a) the density is in the range of 0.850 to 0.900 g/cm^, 

(b) the intrinsic viscosity (ti). as measured in decalin at 135 *»C, is in the range of 0.3 to 3.0 dl/g, 

(c) the glass transition temperature (Tg) is not higher than -50 °C, 

(d) the crystallinity, as measured by X-ray diffractometry, is less than 40 %. 

(e) the molecular weight distribution (Mw/Mn). as determined by GPC, is not more than 3.0. 
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(f) the parameter B value, which indicates randomness of a copolymerized monomer sequence distribution, is in 
the range of 1 .0 to 1 .4, and 

(g) the ratio qt\* of the intrinsic viscosity (-q) determined as the property (b) to the intrinsic viscosity (Ti)biank a 
linear ethylene/propylene copolymer having the same weight-average molecular weight (measured by a light scat- 
tering method) as this copolymer and having an ethylene content of 70.% by mol, (Tl)/(Ti)biank. 's in the range of 
0.2 to 0.95. 

[0015] The long-chain branched ethyl en e/a-olefin random copolymer is preferably an ethyl ene/a-olefin random co- 
polymer obtained by random copolymerizing ethylene and an a-olefin of 3 to 20 carbon atoms in the presence of a 
metallocene catalyst comprising a metallocene compound represented by the following formula (III): 



\ / 




wherein M Is a transition metal of Group IVB of the periodic table, 

is a hydrocarbon group of 1 to 6 carbon atoms, 
R2, R4, r5 and R^ may be the same or different, and are each a hydrogen atom, a halogen atom or a hydrocarbon 
group of 1 to 6 carbon atom, 

R3 is an aryl group of 6 to 16 carbon atoms, which may be substituted with either a halogen atom, a hydrocarbon 
group of 1 to 20 carbon atoms or an organosilyl group, 

and X2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group, and 
Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 
carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -0-, -CO-, -S-, -SO-, 
-SO2-. -NR7-, -P(R7)., -P(0)(r7)-, -BR7- or -AIR7. (R7 is a hydrogen atom, a halogen atom, a hydrocarbon group 
of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 

[0016] The propylene/1 -butene random copolymer (82) preferably has the parameter B value (property (4)), which 
indicates randomness of a copolymerized monomer sequence distribution, of 1 .0 to 1.3; 
and further has the following properties: 

(5) the melting point Tm. as measured by a differential scanning calorimeter, is in the range of 60 to 140 ®C. and 
the melting point Tm and the 1 -butene constituent unit content M (% by mot) satisfy the relation 

-2.6M + 130 < Tm < -2.3M + 155, 

and 

(6) the crystallinity C (%), as measured by X-ray diffractometry, and the 1 -butene constituent unit content M (% by 
mot) satisfy the relation 

C>-1.5M + 75. 

[0017] The propylene/1 -butene random copolymer (B2) can be obtained by copolymerizing propylene and 1 -butene 
in the presence of an olefin polymerization catalyst comprising: 
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(e) a transition metal cx>mpound represented by the following formula (IV): 




wherein M Is a transition metal of Group IVB, VB or VIB of the periodic table, 

and R2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing 
group, a sulfur-containing group, a nitrogen-containing group or a phosphorus-containing group. 
r3 is a secondary or tertiary alkyi group of 3 to 20 carbon atoms or an aromatic group, 
R4 is a hydrogen atom or an alkyI group of 1 to 20 carbon atoms, 

and X2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing 
group, and 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 
20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin- 
containing group, -0-, -CO-, -S-, -SO-, -SO2-, -NR3-, -P(R3)-. -P(0)(R3)-, -BR3- or -A1R3- (R3 is a hydrogen 
atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 
1 to 20 carbon atoms), 

(0 an organoaluminum oxy-compound (f-1) and/or a compound (f-2) which reacts with the transition metal com- 
pound (e) to form an ion pair, 
and optionally 

(g) an organoaluminum compound. 

R^ in the formula (IV) is preferably methyl. 
DETAILED DESCRIPTION OF THE INVENTION 

[0018] The polypropylene resin composition according to the invention is described in detail hereinafter. 
[001 9] The polypropylene resin composition of the invention comprises a polypropylene resin (A) and a rubber com- 
ponent (B) which comprises an ethylene random copolymer (B1) and a propylene/1 -butene random copolymer (B2). 

Polypropylene resin (A) 

[0020] The polypropylene resin (A) for use In the invention is a homopolymer of propylene or a random or block 
copolymer of propylene and another a-olefin such as ethylene or 1 -butene. The polypropylene resin (A) generally 
contains propylene constituent units in amounts of not less than 90 % by mol and is desired to have a boiling n-heptane- 
insoluble fraction of not less than 90 %, preferably not less than 93 %. 

[0021] The polypropylene resin (A) can typically be prepared by the use of a catalyst formed from a solid titanium 
catalyst cornponent and an organometallic compound catalyst component or a catalyst formed from the both compo- 
nents and an electron donor. 

[0022] Examples of the solid titanium catalyst components include titanium trichloride, a titanium trichloride compo- 
sition, and a supported titanium catalyst component containing magnesium, halogen, an electron donor (preferably an 
aromatic carboxylic acid ester or an alkyI group-containing ether) and titanium as essential ingredients, prepared by 
any methods. Of these, particularly preferable is a supported titanium catalyst component having a specific surface 



EP0 844 280 B1 



area of preferably not less than 100 m^/g. 

[0023] The organometallic compound catalyst component is preferably an organoaluminum compound, and exam- 
ples thereof include trialkylaluminum, dialkylaluminum halide, alkylalumlnum sesquihalide and alkylaluminum dihalide. 
The suitability of these compounds as the catalyst components depends upon the type of the titanium catalyst com- 
5 ponent used, so that it is preferable to appropriately select the organoaluminum compound according to the type of 
the titanium catalyst component used. 

[0024] The electron donor is an organic compound containing, for example, nitrogen, phosphorus, sulfur, oxygen, 
silicon or boron, and preferred examples thereof include esters and ethers. 

[0025] The polypropylene resin (A) for use in the invention can be prepared in accordance with known methods using 
10 conventional solid titanium catalyst components or metallocene compound catalyst components. 
[0026] The polypropylene resin (A) can be used singly or in combination of two or more kinds. 
[0027] The polypropylene resin (A) is used in an amount of 50 to 99 % by weight, preferably 60 to 95 % by weight, 
more preferably 70 to 90 % by weight, based on 100 % by weight of the total amount of the polypropylene resin (A) 
and the rubber component (B). 

15 

Rubber component (B) 

[0028] The rubber component (B) for use in the invention comprises an ethylene random copolymer (B1 ) and a 
propylene/1 -butene random copolymer (82). 
20 [0029] In the rubber component (B), the weight ratio {(B1 )/(B2)) of the ethylene random copolymer (B1 ) to the pro- 
pylene/1 -butene random copolymer (B2) is in the range of 95/5 to 20/80, preferably 90/10 to 40/60, more preferably 
80/20 to 50/50. 

[0030] The rubber component (B) is used in an amount of 50 to 1 % by weight, preferably 40 to 5 % by weight, more 
preferably 30 to 1 0 % by weight, based on 1 00 % by weight of the total amount of the polypropylene resin (A) and the 
25 rubber component (B). 

Ethylene random copolymer (B1) 

[0031] The ethylene random copolymer (B1) for use in the invention comprises ethylene and an a-olefin of 3 to 20 

30 carbon atoms. 

[0032] Examples of the a-olefins of 3 to 20 carbon atoms include propylene, 1 -butene, 1-pentene, 1-hexene, 1-hep- 
tene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene. 1-hexa- 
decene, 1-heptadecene, 1-octadecene, 1-nonadecene, 1-eicosene, 3-methyl-1 -butene, 3-methyl-1-pentene, 3-ethyl- 
1-pentene, 4-methyl-1-pentene, 4-methyl-1-hexene, 4,4-dimethyl-1-hexene, 4,4-dimethyl-1-pentene, 4-ethyl-1-hex- 

35 ene, 3-ethyl-1-hexene, 9-methyl-1-decene, 11-methyl-1-dodecene. 12-ethyl-1-tetradecene and mixtures thereof. Of 
these, preferable are a-olefins of 3 to 10 carbon atoms, and particularly preferable are a-olefins of 3 to 8 carbon atoms. 
[0033] The ethylene random copolymer (B1 ) has a density of 0.850 to 0.900 g/cm^, preferably 0.850 to 0.888 g/cm^, 
more preferably 0.850 to 0.885 g/cm^. When the ethylene random copolymer (B1) has a density In this range, the low- 
temperature impact resistance can be much improved. 

40 [0034] The ethylene random copolymer (B1) has a melt flow rate (ASTM D 1238, 190 ^C, load of 2.16 kg) of 0.1 to 
30 g/10 min, preferably 3 to 20 g/10 min. The ethylene random copolymer (B1) having a melt flow rate in this range 
shows good dispersibility in the polypropylene resin (A). 

[0035] The ethylene random copolymer (B1 ) has a crystallinity, as measured by X-ray diffractometry, of less than 40 
%. When the ethylene random copolymer (B1 ) has a crystallinity of less than 40 %. the impact resistance can be much 
45 improved. 

[0036] The ethylene random copolymer (B1) can be used singly or in combination of two or more kinds. 
[0037] The ethylene random copolymer (B1) can be prepared by random copolymerizing ethylene and an a-olefin 
of 3 to 20 carbon atoms in the presence of an olefin polymerization catalyst formed from, for example, a soluble va- 
nadium compound and an alkylaluminum halide compound. 
50 [0038] Examples of the soluble vanadium compounds include vanadium tetrachloride, vanadium oxytrichloride, va- 
nadium triacetylacetate and oxyvanadium triacetylacetate. Examples of the alkylaluminum halide compounds include 
ethylaluminum dichloride, diethylaluminum monochloride, ethylaluminum sesquichloride, diethylaluminum monobro- 
mide, diisobutylaluminum monochloride and isobutylaluminum sesquichloride. 

[0039] The random copolymerization can be carried out in a solution state, a suspension state or an intermediate 
55 state therebetween. In any case, an inert solvent is preferably used as a reaction medium. Examples of the inert 
solvents include aliphatic hydrocarbons of about 3 to 12 carbon atoms, such as propane, butane, pentane, hexane. 
octane, nonane, decane, undecane and dodecane; kerosine; and halogenated hydrocarbons, such as methyl chloride, 
ethyl chloride and ethylene dichloride. These solvents can be used singly or in combination. The polymerization tem- 
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perature may be in the range of 0 to 100 °C. 

[0040] In the present invention, the following linear or long-chain branched ethylene/a-olefin random copolymer is 
preferably used as the ethylene random copolymer (Bl). 

Linear ethylene/a-oiefin random copolymer 

[0041] The linear ethylene/a-olefin random copolymer preferably used in the invention has a density of 0.850 to 
0.900 g/cm3. preferably 0.850 to 0.888 g/cm^, more preferably 0.850 to 0.885 g/cm^, and has a melt flow rate (ASTM 
D 1238. 190 °C. load of 2.16 kg) of 0.1 to 30 g/IO min, preferably 3 to 20 g/10 min. 

[0042] The linear ethylene/a-olefin random copolymer has an intrinsic viscosity (t|), as measured in decalin at 135 
*C, of 0.3 to 3.0 dl/g, preferably 0.5 to 2.0 dl/g. The linear ethylene/a-olefin random copolymer having an intrinsic 
viscosity in this range has good blending properties with the propylene/1 -butene random copolymer (B2) and with the 
polypropylene resin (A). Further, use of this linear ethylene/a-olefin random copolymer makes it possible to obtain a 
polypropylene resin composition having high flowability and excellent moldability. 

[0043] The linear ethylene/a-olefin random copolymer preferably has a glass transition temperature (Tg), as meas- 
ured by a differential scanning calorimeter (DSC), of not higher than -50 **C. 

[0044] The linear ethylene/a-olefin random copolymer has a crystalllnity, as measured by X-ray diffractometry, of 
less than 40 %, preferably not more than 30 %. When the linear ethylene/a-olefin random copolymer having a crys- 
tallinity of less than 40 % is used, a polypropylene resin composition having excellent flexibility can be obtained. 
[0045] The linear ethylene/a-olefin random copolymer desirably has a molecular weight distribution (Mw/Mn), as 
determined by GPC. of not more than 3.0, and desirably has a parameter B value, which indicates randomness of a 
copolymerized monomer sequence distribution and is determined by a ^^C-NMR method, of 1 .0 to 1 .4. 
[0046] The B value of the linear ethylene/a-olefin random copolymer is an index of a composition distribution of 
constituent units derived from each monomer In the copolymerized monomer sequences, and can be calculated by 
the following equation: 

B = Poe^(2PoPe) 

wherein is a molar fraction of an ethylene component contained in the ethylene/a-olefin random copolymer, Pq is 
a molar fraction of an a-olefin component contained therein, and Pqe is a proportion of the number of ethylene/a-olefin 
alternating sequences to the number of all the dyad sequences. 
[0047] The values for Pg, Pq and Pqe can be determined in the following manner. 

[0048] In a test tube having a diameter of 1 0 mm, about 200 mg of an ethyl ene/a-olefin random copolymer is homo- 
geneously dissolved in 1 ml of hexachlorobutadiene to give a sample. A ^^c-NMR spectrum of this sample is measured 
under the following measuring conditions. 

Measuring conditions 

[0049] 

Measuring temperature: 120**C 
Measuring frequency; 20.05 MHz 
Spectrum width: 1,500 Hz 
Filter width: 1,500 Hz 
Pulse repetition time: 4.2 sec 
Pulse width: 7 \isec 

Number of integration times: 2,000 to 5,000 

[0050] The P^, Pq and Pqe values can be found from the ^^C-NMR spectrum in accordance with the reports by G. 
J. Ray (Macromolecules, 10, 773 (1977)). J.C. Randall (Macromolecules, 15. 353 (1982)) and K. Kimura (Polymer 25 
4418(1984)). 

[0051] When the both monomers are alternately distributed in the ethylene/a-olefin copolymer, the B value defined 
by the above equation is 2, and when the both monomers are completely separately distributed to form a complete 
block copolymer, the B value is 0. 

[0052] When the linear ethylene/a-olefin random copolymer having a B value in the above range is used, a polypro- 
pylene resin composition capable of providing molded products of high heat resistance can be obtained. 
[0053] The linear ethylene/a-olefin random copolymer preferably has a gri* value, as determined by the intrinsic 
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viscosity (i^), of more than 0.95. 

[0054] The gT\* value is defined by the following equation: 

gn* = {Tiy(il)biank 

wherein (t^) is an intrinsic viscosity of the linear ethylene/a-olefin random copolymer measured above (property (b)), 
and (Tl)biank is an intrinsic viscosity of a linear ethylene/propylene copolymer having the same weight-average molecular 
weight (measured by a light scattering method) as this ethylene/a-olefin random copolymer and having an ethylene 
content of 70 % by mol. 

[0055] By the use of the linear ethylene/a-olefin random copolymer having the above properties, a polypropylene 
resin composition capable of providing molded products having excellent mechanical strength and heat resistance can 
be obtained. 

[0056] A process for preparing the linear ethylene/a-olefin random copolymer is described later. 
Long-chain branched ethylene/a-olefin random copolymer 

[0057] The long-chain branched ethylene/a-olefin random copolymer preferably used in the invention has a density 
of 0.850 to 0.900 g/cm3, preferably 0.850 to 0.888 g/cm^, more preferably 0.850 to 0,885 g/cm^, and has a melt flow 
rate (ASTM D 1238, 190 load of 2.16 kg) of 0.1 to 30 g/10 min. preferably 3 to 20 g/10 min. 
[0058] The long-chain branched ethylene/a-olefin random copolymer has an intrinsic viscosity (ii), as measured in 
decalin at 135 °C, of 0.3 to 3.0 dl/g, preferably 0.5 to 2.0 dl/g. The long-chain branched ethylene/a-olefin random 
copolymer having an intrinsic viscosity in this range has good blending properties with the propylene/1 -butene random 
copolymer (B2) and with the polypropylene resin (A). Further, use of this long-chain branched ethylene/a-olefin random 
copolymer makes it possible to obtain a polypropylene resin composition having high flowability and excellent molda- 
bllity. 

[0059] The long-chain branched ethylene/a-olefin random copolymer preferably has a glass transition temperature 
(Tg), as measured by DSC, of not higher than -50 **C. 

[0060] The long-chain branched ethylene/a-olefin random copolymer has a crystallinity, as measured by X-ray dif- 
fractometry, of less than 40 %, preferably not more than 30 %. When the long-chain branched ethylene/a-olefin random 
copolymer having a crystallinity of less than 40 % is used, a polypropylene resin composition having excellent flexibility 
can be obtained. 

[0061] The long-chain branched ethylene/a-olefin random copolymer desirably has a molecular weight distribution 
(Mw/Mn), as determined by GPC, of not more than 3.0, and desirably has a parameter B value, which indicates ran- 
domness of a copolymerized monomer sequence distribution and is determined by a ^^C-NMR method, of 1,0 to 1.4. 
[0062] When the long-chain branched ethylene/a-olefin random copolymer having a B value in this range is used, 
a polypropylene resin composition capable of providing molded products of high heat resistance can be obtained. 
[0063] The long-chain branched ethylene/a-olefin random copolymer preferably has a gx\* value of 0.2 to 0.95, more 
preferably 0.4 to 0.9, particularly preferably 0.5 to 0.85. By the fact that the ethylene/a-olefin random copolymer has 
a gx]* value of not more than 0.95 Is revealed that a long-chain branch is formed in the molecule. 

Preparation of linear or long-chain branched ethylene/a-olefin random copolymer 

[0064] The linear or the long-chain branched ethylene/a-olefin random copolymer having the above properties can 
be prepared by random copolymerizing ethylene and an a-olefin of 3 to 20 carbon atoms in the presence of a metal- 
locene catalyst containing a specific metallocene compound. 

[0065] There is no specific limitation on the metallocene catalyst as far as it contains a metallocene compound (a). 
For example, the metallocene catalyst may be formed from a metallocene compound (a) and an organoaluminum oxy- 
compound (b) and/or a compound (ionized ionic compound) (c) which reacts with the metallocene compound (a) to 
form an ion pair; or the metallocene catalyst may be formed from a metallocene compound (a), an organoaluminum 
oxy-compound (b) and/or a compound (c) which forms an Ion pair, and an organoaluminum compound (d). 

Metallocene compound (a) 

[0066] A metallocene compound (a1) for use in the preparation of the linear ethylene/a-olefin random copolymer 
that Is preferably used in the Invention is described in detail in Japanese Patent Application No. 236771/1 995 and PCT/ 
JP96/02609. 

[0067] In the present invention, a compound represented by the following fomiula (I) or (II) (corresponding to the 
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formula (Hi) or (IV) In Japanese Patent Application No. 236771/1995) is preferably used as the metallocene compound 
(a1): 



X' X2 
\ / 




[0068] In the above formula, M is a transition metal atom of Group IVB of the periodic table, specifically titanium, 
zirconium or hafnium, particularly preferably zirconium. 

[0069] and R''2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms which 
may be substituted with halogen, a silicon-containing group, an oxygen-contalning group, a sulfur-containing group, a 
nitrogen-containing group or a phosphorus-containing group. 

[0070] is particularly preferably a hydrocarbon group of 1 to 3 carbon atoms, such as methyl, ethyl or propyl. R12 
is particularly preferably a hydrogen atom or a hydrocarbon group of 1 to 3 carbon atoms, such as methyl, ethyl or propyl. 
[0071] Ri3 and R^"^ are each an alkyi group of 1 to 20 carbon atoms. R'*^ is preferably a secondary or tertiary alkyi 
group. R^"* may contain a double bond or a triple bond. 

[0072] X1 and X2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group. Of 
these, preferable is a halogen atom or a hydrocarbon group of 1 to 20 carbon atoms. 

[0073] Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 
to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -0-, -CO-, -S-. -SO-, 
-SO2-, -NR7- -P(R7)., -P(0)(R7)-. -BR7- or -AIR7- (r7 is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 
to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). Y is particularly preferably an 
alkylsilylene group, an alkylarylsilylene group or an arylsilylene group. 

[0074] The transition metal compound mentioned above can be prepared from an indene derivative in accordance 
with a known process, for example, a process described in Japanese Patent Lald-Open Publication No. 268307/1992. 




(11) 



[0075] In the above fonmula. M is a transition metal atom of Group IVB of the periodic table, specifically titanium, 
zirconium or hafnium, particularly preferably zirconium. 

[0076] The groups R2^ may be the same or different, and are each a hydrogen atom, a halogen atom, an alkyi group 
of 1 to 10 carbon atoms which may be halogenated, an aryl group of 6 to 10 carbon atoms, -NR2, -SR, -OSiRs, -SiR3 
or -PR2 (R is a halogen atom, an alkyi group of 1 to 10 carbon atoms or an aryl group of 6 to 10 carbon atoms). 
[0077] R22 to R28 may be the same or different, and are each the same as defined for R^i , and at least two adjacent 
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groups of R22 to R28 may form an aromatic ring or an aliphatic ring together with the atoms to which they are bonded. 
[0078] X3 and may be the same or different, and are each a hydrogen atom, a halogen atom, OH group, an alkyi 
group of 1 to 10 carbon atoms, an alkoxy group of 1 to 10 carbon atoms, an aryl group of 6 to 10 carbon atoms, an 
aryloxy group of 6 to 10 carbon atoms, an alkenyl group of 2 to 10 carbon atoms, an arylalkyi group of 7 to 40 carbon 
atoms, an alkylaryl group of 7 to 40 carbon atoms or an arylalkenyl group of 8 to 40 carbon atoms. 
[0079] Zis 



r29 
I 

r29 

I 

C 

r30 



r29 r29 
I I 

• 0 - m2 - 
r30 



r29 r29 

I I. 

C - C 

r30 'r30 



r29 

- 0 - m2 - O 
r3P 



=BR29 =A1R29, -Ge-, -Sn-, -0-, -S-, =S0, =S02. =NR29, =C0, =PR29 or =P{0)R29^. 

[0080] In the above formulas, R29 and may be the same or different, and are each a hydrogen atom, a halogen 
atom, an alkyI group of 1 to 10 carbon atoms, a fluoroalkyi group of 1 to 10 carbon atoms, an aryl group of 6 to 10 
carbon atoms, a fluoroaryl group of 6 to 10 carbon atoms, an alkoxy group of 1 to 10 carbon atoms, an alkenyl group 
of 2 to 10 carbon atoms, an alkylaryl group of 7 to 40 carbon atoms, an arylalkenyl group of 8 to 40 carbon atoms or 
an arylalkyi group of 7 to 40 carbon atoms. 

[0081] R29 and R^o may form a ring together with the atoms to which they are bonded. 
[0082] M2 is silicon, germanium or tin. 

[0083] The alkyI groups mentioned above may be straight-chain or branched. The halogen atom (halogenation) 
mentioned above is fluorine, chlorine, bromine or iodine, particularly preferably fluorine or iodine. 
[0084] The compound represented by the formula (II) is described in EP-549900 and Canadian Patent No. 2,084,01 7. 
[0085] A metallocene compound (a2) for use In the preparation of the long-chain branched ethyl en e/a-olefin random 
copolymer that Is preferably used in the invention is described In detail in Japanese Patent Application No. 236770/1 995 
and PCT/JP98/02575. 

[0086] In the present invention, a compound represented by the following formula (III) (corresponding to the formula 
(I) in Japanese Patent Application No. 236770/1995) is preferably used as the metallocene compound (a2): 



\ / 




(III) 



[0087] In the above formula, M Is a transition metal atom of Group IVB of the periodic table, specifically titanium, . 
zirconium or hafnium, particularly preferably zirconium. 

[0088] R1 is a hydrocarbon group of 1 to 6 carbon atoms, and is preferably an alkyI group whose carbon bonding to 
the indenyl group is primary carbon. Particularly preferable R^ is methyl or ethyl. 
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[0089] R2, R4, R5 and may be the same or different, and are each a hydrogen atom, a halogen atom or the same 
hydrocarbon group of 1 to 6 carbon atoms as defined for R1. 

[0090] R3 Is an aryl group of 6 to 16 carbon atoms which may be substituted with a halogen atom, a hydrocarbon 
group of 1 to 20 carbon atoms or an organosilyl group. 
5 [0091] and are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms which 
may be substituted with halogen, an oxygen-containing group or a sulfur-containing group. 

[0092] Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 
to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -0-, -CO-, -S-, -SO-, 
-SO2-, -P(R^)-, -P(0)(R7)-, -BR^- or -AIR^- (R^ is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 
10 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 

[0093] Y is preferably a divalent silicon-containing group or a divalent germanium-containing group, more preferably 
a divalent silicon-containing group, particularly preferably an alkylsilylene group, an alkylarylsilylene group or an ar- 
ylsilylene group. 

[0094] In the present invention, the metallocene compounds mentioned above can be used singly or in combination 
15 of two or more kinds. 

[0095] The metallocene compounds can be prepared in accordance with processes described in Journal of Orga- 
nometallic Chem. 288 (1985), pp 63-67. and European Patent Published Application No. 0,320,762. 

Organoaluminum oxy-compound (b) 

20 

[0096] As the organoaluminum oxy-compound (b), an aluminoxane is preferably employed. Specifically, there can 
be used, for example, methyialuminoxane, ethylaluminoxane or methytethytaluminoxane, each of which has usually 
about 3 to 50 recurring units represented by the fomiula -AI(R)0-(R is an alkyi group). 
[0097] The aluminoxane can be prepared in accordance with a conventional process. 

25 

Compound (c) which reacts with the metallocene compound (a) to form an ion pair 

[0098] The compound (ionized ionic compound) (c) which reacts with the metallocene compound (a) to form an ion 
pair is, for example, a Lewis acid such as triphenylboron, MgCl2. AI2O3, SIO2-AI2O3 as described in U.S. Patent No. 
30 5,321,106. 

[0099] The ionized ionic compound (c) can be used singly or in combination of two or more kinds. 
Organoaluminum compound (d) 

35 [0100] The organoaluminum compound (d), which may optionally be used in the invention, includes, for example, 
trialkyialuminum, dialkylaluminum halide, alkylaiuminum sesquihalide and alkylaluminum dihalide. 
[0101] These organoaluminum compounds can be used singly or In combination of two or more kinds. 
[0102] The specific metallocene catalyst for use in the invention comprises the above-described metallocene com- 
pound (a), and can be prepared from, for example, the metallocene compound (a) and the organoaluminum oxy- 

^0 compound (b) as described above. The catalyst may also be formed from the metallocene compound (a) ((a1 ) or (a2)) 
and the compound (c) which reacts with the metallocene compound (a) to form an ion pair, or from the metallocene 
compound (a), the organoaluminum oxy-compound (b) and the compound (c) which reacts with the metallocene com- 
pound (a) to fonn an ion pair. In any case, it is preferable to further use the organoaluminum compound (d) in combi- 
nation. 

45 [0103] In the copolymerization of ethylene and an a-olefin of 3 to 20 carbon atoms, the components for forming the 
metallocene catalyst, namely, the metallocene compound (a) {(a1) or (a2)), the organoaluminum oxy-compound (b), 
the ion pair-forming compound (c), and optionally, the organoaluminum compound, may be fed separately to a polym- 
erization reactor; or a metallocene catalyst containing the metallocene compound, which is previously prepared, may 
be supplied for the copolymerization reaction. 

50 [0104] In the preparation of the metallocene catalyst, a hydrocarbon solvent which is inert to the catalyst components 
can be employed. 

[0105] The copolymerization of ethylene and an a-olefin of 3 to 20 carbon atoms can be carried out under the con- 
ditions of a temperature of usually 40 to 200 **C, preferably 50 to 150 **C, particularty preferably 60 to 120 "^C, and a 
pressure of atmospheric pressure to 1 00 kg/cm^, preferably atmospheric pressure to 50 kg/cm^, particularly preferably 
55 atmospheric pressure to 30 kg/cm^. 

[0106] The copolymerization reaction can be carried out by various polymerization processes, but a solution polym- 
erization process is preferably adopted. In the solution polymerization, the hydrocarbon solvent mentioned above can 
be used as the polymerization solvent. 
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[0107] Though the copolymerization can be carried out batchwise, semicontinuously or continuously, it is preferably 
carried out continuously. The copolymerization can be performed in two or more stages under different reaction con- 
ditions. 

[0108] The linear or long-chain branched ethylene/a-olefin random copolymer for use in the invention can be obtained 
by the process described above, and the molecular weight of the copolymer can be modified by changing the polym- 
erization conditions such as polymerization temperature or by controlling the amount of hydrogen (molecular weight 
modifier) used. 

[0109] In the present invention, the ethylene random copolymer (B1 ) may be an ethylene random copolymer partially 
or completely modified with an unsaturated carboxylic acid or anhydride thereof. The modified ethylene random co- 
polymer contributes to improving overwrapping properties and adhesion to substrates such as metals. 

Propylene/1 -butene random copolymer (B2) 

[0110] The propylene/1 -butene random copolymer (B2) for use in the invention contains constituent units derived 
from propylene in amounts of 50 to 95 % by mol, preferably 55 to 93 % by mol, more preferably 60 to 90 % by mol, 
and constituent units derived from 1 -butene in amounts of 5 to 50 % by mol, preferably 7 to 45 % by mol, more preferably 
10 to 40% by mol. 

[0111] The propylene/1 -butene random copolymer (82) may contain constituent units derived from olefins other than 
propylene and 1-butene in small amounts, e.g., not more than 10 % by mol, desirably not more than 5 % by mol. 
20 [0112] The propylene/1 -butene random copolymer (B2) has a melt flow rate (MFR, ASTM D 1238, 230 "C, load of 
2.16 kg) of 0.1 to 50 g/10 min, preferably 0.5 to 30 g/10 min, more preferably 1 to 20 g/10 min. 
[0113] The propylene/1 -butene random copolymer (B2) has a molecular weight distribution (Mw/Mn), as determined 
by gel permeation chromatography (GPC), of not more than 3.0, preferably not more than 2.5. 
[01 14] The propylene/1 -butene random copolymer (82) has a parameter 8 value, which indicates randomness of a 
25 copolymerized monomer sequence distribution, of 1 .0 to 1 .5, preferably 1 .0 to 1 .3, more preferably 1 .0 to 1 .2. 

[0115] The parameter B value was proposed by Cole-man, et al. (B.D. Cole-man and T.G. Fox, J. Polym. Sci., Al, 
31 83 (1 963)), and is defined as follows. 

30 B = P,2/(2P,P2) 

wherein P^ is a first monomer fraction, Pj is a second monomer fraction, and P^2 a proportion of the first monomer- 
second monomer sequences to all the dyad sequences. 

[0116] The B value conforms to the Bernoulli's statistics, and in case of B < 1 , the copolymer is block-like, while in 
35 case of 8 > 1 , the copolymer is alternating. 

[0117] In addition to the above properties, the propylene/1 -butene random copolymer (B2) desirably has a melting 
point Tm, as measured by a differential scanning calorimeter, of 60 to 140 °C, preferably 80 to 1 30 ®C, and the melting 
point Tm and the 1-butene constituent unit content M (% by mol) satisfy the relation 

40 

-2.6M + 130 < Tm 5 -2.3M + 155. 

[0118] When the melting point of the propylene/1 -butene random copolymer (82) exceeds 140 °C. films of the poly- 
propylene resin composition may require a high heat-sealing temperature of at least 130 °C. When the melting point 
45 thereof is lower than 60 °C, scratch resistance of films of the composition may be reduced and blocking of films may 
take place in the storage, resulting in difficulty in practical use, though the low-temperature heat-sealing properties are 
improved. 

[0119] The propylene/1 -butene random copolymer (82) desirably has a crystallinity C (%), as measured by X-ray 
diffractometry, and a 1-butene constituent unit content M (% by mol) satisfying the relation 

50 

C> -1.5M + 75. 

[0120] The crystallinity of the propylene/1 -butene random copolymer (B2) is desirably in the range of 15 to 65 %, 
55 preferably 20 to 60 %. 

[0121] When the propylene/1 -butene random copolymer (82) having a crystallinity in the above range is used, a 
polypropylene resin composition capable of providing films of excellent scratch resistance, low-temperature heat-seal- 
ing properties and blocking resistance can be obtained. 



5 



10 
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[0122] Further, the propylene/1 -butene random copolymer (B2) may contain reglo-irregular units based on 2,1-in- 
sertion of propylene monomer In a ratio of not less than 0.05 % of all the propylene constituent units, as determined 
by a i^C-NMR spectrum of the copolymer. 

[0123] In the polymerization, the propylene monomer often undergoes 1 .2-insertion (the methylene side is bonded 
to the catalyst), but sometimes undergoes 2,1 -insertion. The 2,1-inserted monomer forms regio-irregular units in the 
resulting polymer. 

[0124] The ratio of the regio-irregular units based on the 2,1 -insertion to alt of the propylene constituent units can 
be calculated from the following equation using ^^c-NMR and making reference to Polymer, 30, 1350 (1989). 



Ratio of regie- {0.5 la|J (structures (iii), (v) > 

irregular units + 0.25 laP (structure (iv)} 

units based s . ^ 

on 1,2-insersion laa+laP (structures (iii), (v) ) 

+ 0.5 (lay + lap (structure (iv)) + laS) 



[0125] Naming of the peaks follows a method of Carman, et al. (Rubber Chem. Techno!.. 44, 781 (1971)). Symbols 
lap and the like mean peak areas of the ap peak and the like. 

[0126] If it is difficult to find the area of lap or the like directly from the spectrum because of overlapping of peaks, 
the carbon peak having a corresponding area can be substituted therefor. 

[0127] In the propylene/1 -butene random copolymer (B2) for use In the Invention, the ratio of the regio-irregular units 
based on 1 ,3-insertion of propylene monomer may be not more than 0.05 %. 

[0128] The quantity of the triad sequences based on the 1 ,3-insertion can be determined by the Pypeak (resonance 
at about 27.4 ppm). 

[0129] The propylene/1 -butene random copolymer (B2) mentioned above can be obtained by copolymerizing pro- 
pylene and 1 -butene in the presence of an olefin polymerization catalyst comprising: 

(e) a specific transition metal compound, 

(f) an organoaluminum oxy-compound (f-1) and/or a compound (f-2) which reacts with the transition metal com- 
pound (e) to form an ion pair, 

and optionally 

(g) an organoaluminum compound. 

[0130] The transition metal compound (e) (sometimes referred to as "component (e)" hereinafter) is represented by 
the following formula (IV): 




[0131] In the above formula, M is a transition metal of Group IVB. Group VB or Group VIB of the periodic table, 
preferably titanium, zirconium or hafnium, particularly preferably zirconium. 

[0132] Ri and R^ are each independently a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon 
atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing 
group, a sulfur-containing group, a nitrogen-containing group or a phosphorus-containing group. 
[0133] R3 is a hydrocarbon group of 1 to 20 carbon atoms which may be substituted with either a halogen atom or 
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a silicon-containing group, and is preferably a secondary or tertiary alkyi group of 3 to 20 carbon atoms or an aromatic 
group, 

[0134] R4 is a hydrogen atom or an alkyI group of 1 to 20 carbon atoms which may be substituted with a halogen 
atom or a silicon-containing group. 

[0135] XI and X2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group 
[0136] Y IS a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 
to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-contain- 
ing group, -0-, -CO-, -S-, -SO-. -SOj- or the like. 

[0137] Y is particularly preferably alkylsilylene, alkylarylsilylene or arylsilylene. 

[0138] The transition meal compound (e) represented by the fonnula (IV) is preferably a compound of said formula 
wherein R1 is methyl. 

[01 39] The transition metal compound used in the invention can be prepared in accordance with processes described 
in Journal of Organometallic Chem. 288 (1985). pp 63-67. and European Patent Published Application No 0 320 762 
[0140] The organoaluminum oxy-compound (f-1 ) (sometimes referred to as "component (f-1 )" hereinafter) for forming 
the olefin polymerization catalyst used in the Invention may be identical with the organoaluminum oxy-compound (b) 
may be aluminoxane generally known or a benzene-Insoluble organoaluminum oxy-compound described in Jaoanese 
Patent Laid-Open Publication No. 78687/1990. 

[0141] The compound (f-2) (sometimes referred to as "component (f-2)- hereinafter) which reacts with the transition 
metal compound (e) to form an ion pair is identical with the ionized ionic compound (c). 

[0142] The organoaluminum compound (g) (sometimes referred to as "component (g)" hereinafter) is for example 
an organoaluminum compound represented by the following formula (V): 

^^nAIX3^ (V) 

wherein R^ is a hydrocarbon group of 1 to 12 carbon atoms, 
X is a halogen atom or a hydrogen atom, and 
n is 1 to 3. 

[0143] In the formula (V), R9 is a hydrocarbon group of 1 to 12 carbon atoms, such as an alkyI group a cvcloalkvl 
group or an aryl group. ' ' 

[0144] Examples of the organoaluminum compound (g) include trialkylaluminum. alkenylaluminum, dialkylaluminum 
halide, alkylaluminum sesquihalide, alkylalumlnum dihalide and alkylaluminum hydride. 

[0145] Also employable as the organoaluminum compound (g) is a compound represented by the following formula 



9 

^ nAIL3.n (VI) 

wherein R9 is the same as defined in the formula (V), 

L is -OR10, -OSiRiig . -OAIR122 , .NR132 , -SiRi43 or 1n(R15)air162 group. 

n is 1 to 2, 

Rio, R11. R12 and R^e are each methyl, ethyl, isopropyl, isobutyl, cyclohexyl. phenyl or the like, 
Ri3 is a hydrogen atom, methyl, ethyl, isopropyl, phenyl, trimethylsilyl or the like, and 
and R^s are each methyl, ethyl or the like. 

[0146] Of such organoaluminum compounds, preferable are compounds represented by the formula R7 M 
(OAIRi02)3-n. example, EtsAIOAIEts and (iso-Bu)2AIOAI(iso-Bu)2. 

[0147] Of the organoaluminum compounds represented by the formulas (V) and (VI), preferable are compounds of 
the formula R^. and particularly preferable is a compound of said formula wherein R^ is an isoalkyi group 
[0148] The olefin polymerization catalyst used in the invention is formed from the component (e), the component (f- 
1 ) and/or the component (f-2) (referred to as "component (0" hereinafter), and optionally, the component (g) The olefin 
polymerization catalyst can be prepared by mixing the component (e). the component (f). and optionally, the component 
(g) in an inert hydrocarbon solvent or an olefin solvent. 

[0149] An olefin may be prepolymerized onto the components for forming the olefin polymerization catalyst and the 
resulting prepolymerized catalyst may be used in the Invention. 
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[01 50J Examples of the olefins preferably used for the prepolymerization include propylene, ethylene and 1 -butene. 
Mixtures of these olefins and other olefins may also employable. 

[0151] The propylene/1 -butene random copolymer (B2) for use in the invention can be prepared by copolymerizing 
propylene and 1 -butene in the presence of the olefin polymerization catalyst described above. 
[0152] The polymerization can be carried out as any of liquid phase polymerization, e.g., solution polymerization, 
and solid phase polymerization. 

(01 53] The molecular weight of the resulting propylene/1 -butene random copolymer (B2) can be modified by allowing 
hydrogen to be present in the polymerization system or changing the polymerization temperature or the polymerization 
pressure. 

[0154] The process for preparing the propylene/1 -butene random copolymer (B2) is described in detail in Japanese 
Patent Laid-Open Publication No. 43284/1995. 

[0155] In the present invention, the propylene/1 -butene random copolymer (82) may be a propylene/1 -butene ran- 
dom copolymer partially or completely modified with an unsaturated carboxylic acid or anhydride thereof. The modified 
propylene/1 -butene random copolymer contributes to improving ovenwrapping properties of films of the composition 
and adhesion thereof to substrates such as metals. 

Other components 

[01 56] To the polypropylene resin composition of the invention, resin components other than the polypropylene resin 
(A), the ethylene random copolymer (81) and the propylene/1 -butene random copolymer (82), e.g., a polyethylene 
resin, can be added within limits not prejudicial to the objects of the present invention. Further, various additives, such 
as antioxidants, ultraviolet light absorbers, lubricants, nucleating agents, antistatic agents, flame retardants, pigments. 

dyes and inorganic or organic fillers, can be added. 

Preparation of polypropylene resin composition 

[0157] The polypropylene resin composition of the invention can be prepared by any of known methods. For example, 
the composition can be prepared by mixing the above components with a mixing machine such as a V-type blender, 
a ribbon blender or a Henschel mixer, or kneading them in a kneading machine such as an extruder, mixing rolls, a 
Banbury mixer or a kneader. The polypropylene resin composition may be prepared by mixing and kneading the com- 
ponents using the above-mentioned mixing machine and kneading machine in combination. 
[0158] Because the polypropylene resin composition obtained as above contains the propylene/1 -butene random 
copolymer (B2) as the rubber component (B), the dispersibility of the ethylene random copolymer (B1) in the polypro- 
pylene resin (A) is good, and diameters of the dispersed particles of the ethylene random copolymer (B1) can be 
reduced. As a result, molded products, e.g., films, having improved heat-sealing properties and excellent low-temper- 
ature impact resistance and transparency can be obtained. 

[01 59] The propylene/1 -butene random copolymer (B2) prepared using the aforesaid catalyst has a molecular weight 
distribution and a composition distribution narrower than those of a propylene/1 -butene random copolymer prepared 
using other conventionally known titanium catalysts. Therefore, when the propylene/1 -butene random copolymer (82) 
is used, obtainable is a polypropylene resin composition capable of producing films of higher blocking resistance, as 
compared with the case of using a propylene/1 -butene random copolymer prepared by the use of the titanium catalysts. 

EFFECT OF THE INVENTION 

[0160] The polypropylene resin composition of the invention can provide molded products, e.g.. films and sheets, 
having not only excellent heat-sealing properties but also excellent low-temperature impact resistance, transparency, 
blocking resistance, blushing resistance and scratch resistance. 

[0161] The polypropylene resin composition of the invention is suitable for films and sheets desired to have heat- 
sealing properties, low-temperature impact resistance, transparency, blocking resistance, blushing resistance and 
scratching resistance, such as packaging films, and besides it can be molded Into other products. 

EXAMPLE 

[01 62] The present invention is further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 

[0163] Films produced from polypropylene resin compositions obtained in the following examples were evaluated 
on the low-temperature impact resistance, transparency, gloss, slip properties, blocking resistance and heat-sealing 
properties by the following test methods. 
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(1) Low-temperature impact resistance (impact strength) 

[0164] The impact strength was measured in accordance with JIS-P81 34 (measuring temperature: 0 **C). The impact 
tester used has a capacity of 30 kg/cm cm. and a hammer head of the tester has a diameter of 1/2 inch. 

5 

(2) Transparency (haze) 

[0165] The haze was measured in accordance with ASTM D 1003, 
10 (3) Gloss 

[0166] The gloss was measured in accordance with ASTM D 523 

(4) Slip properties (static friction coefficient, dynamic fiction coefficient) 

15 

[01 67] After the film was annealed at 40 for one day, the static friction coefficient and the dynamic friction, coefficient 
were measured in accordance with ASTM D 1894. 

(5) Blocking resistance (blocking force) 

20 

[01 68] After the film was annealed at 50 for one day, the blocking force was measured in accordance with ASTM 
0 1893. 

(6) Heat-sealing properties (heat-sealing strength) 

25 

[0169] The films were superposed one upon another, then heat-sealed under the conditions of a temperature of 130 
^'C. 140 **C, 150 °C or 1 60 ^'C, a pressure of 2 kg/cm2, a period of 1 second and a sealing bar with of 5 mm, and allowed 
to stand for cooling. Then, the films thus heat-sealed at each temperature were cut to give a specimen having a width 
of 1 5 mm. The specimen was subjected to a peel test at a crosshead speed of 200 mm/min to measure a peel strength 

20 of the heat-sealed portion. 

(7) Blushing resistance 

[0170] The injection molded square plate was subjected to the drop-weight test and then the blushing resistance 

35 was visually evaluated. 

(8) Scratching resistance 

[0171] The film was laminated on a steel sheet and the scratching resistance was evaluated by means of pencil 
40 hardness. 

Preparation Example 1 

Preparation of propylene/1 -butene random copolymer (PBR-1) 

45 

[01 72] To a 2-liter autoclave thoroughly purged with nitrogen, 900 ml of hexane and 60 g of 1 -butene were introduced. 
To the autoclave, 1 mmol of triisobutylaluminum was added. After the temperature of the system was elevated to 70 
°C, propylene was fed so that the total pressure became 7 kg/cm^-G. To the system, 0.30 mmol of methylaluminoxane 
and 0.001 mmol (in terms of Zr atom) of rac-dimethylsilylene-bis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride 

50 were added, and then propylene was continuously fed to perform polymerization for 30 minutes with keeping the total 
pressure at 7 kg/cm^-G. After the polymerization, gaseous matter was removed from the system, and the resulting 
polymer was recovered in a large amount of methanol, followed by drying at 1 1 0 °C for 1 2 hours under reduced pressure. 
[0173] The yield of the polymer (propylene/1 -butene random copolymer (PBR-1)) was 39.7 g. The polymerization 
activity was 79 kg-polymer/mmol-2r hr. 

55 [0174] The polymer contained 24 % by mol of constituent units derived from 1-butene, and had a melt flow rate 
(ASTM D 1238, 230 °C, load of 2.16 kg) of 6.8 g/10 min, a molecular weight distribution (Mw/Mn, measured by GPC) 
of 2.05, a B value of 1 .00, a melting point (Tm) of 91 *C and a crystallinity (measured by X-ray diffractometry) of 40 %. 
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Preparation Example 2 

Preparation of propylene/1 -butane random copolymer (PBR-2) 

[0175] To a 2-liter autoclave thoroughly purged with nitrogen, 830 ml of hexane and 100 g of 1 -butane were intro- 
duced. To the autoclave, 1 mmol of triisobutylaluminum was added. After the temperature of the system was elevated 
to 70 °C. propylene was fed so that the total pressure became 7 kg/cm2-G. To the system, 1 mmol of triethylaluminum 
and 0.005 mmol (in terms of Ti atom) of a magnesium chloride-supported titanium catalyst were added, and then 
propylene was continuously fed to perform polymerization for 30 minutes with keeping the total pressure at 7 kg/cm2- 
G. After the polymerization, gaseous matter was removed from the system, and the resulting polymer was recovered 
in a large amount of methanol, followed by drying at 110 °C for 12 hours under reduced pressure. 
[0176] The yield of the polymer (propylene/1 -butene random copolymer (PBR-2)) was 33.7 g. The polymerization 
activity was 14 kg-polymer/mmol-Ti hr. 

[0177] The polymer contained 23 % by mo! of constituent units derived from 1 -butene. and had a melt flow rate 
(ASTM D 1238, 230 X, load of 2.16 kg) of 6.4 g/10 min, a molecular weight distribution (Mw/Mn. measured by GPC) 
of 4.52, a B value of 0.92. a melting point (Tm) of 110 °C and a crystallinity (measured by X-ray diffractometry) of 48 %. 

Example 1 

[0178] InaHenschelmixer, 11 parts by weight of an ethylene/propylene random copolymer (EPR) having an ethylene 
content of 81 % by mol, MFR (ASTM D 1238, 190 X, load of 2.16 kg) of 1.0 g/10 min, a density of 0.870 g/cm3 and 
a crystallinity (measured by X-ray diffractometry) of 6 % was mixed with 4 parte by weight of the propylene/1 -butene 
random copolymer (PBR-1) obtained In Preparation Example 1. The mixture was extruded by an extruder equipped 
with a pelletizer to obtain pellets of a rubber component. 

[0179] Then, 15 parts by weight of the pellets of the rubber component and 85 parts by weight of a polypropylene 
resin (random PP) having an ethylene content of 2.3 % by mol, MFR (ASTM D 1238, 230 °C, load of 2.16 kg) of 6.5 
g/10 min, a melting point of 141 and an isotactic index (I.I.) of 96 % were mixed in a Henschel mixer. The mixture 
was melted by an extruder and fed to a film forming die at a resin temperature of 200 ""C. to obtain a film having a 
thickness of 50 jim. 

[0180] The film was evaluated on the low-temperature Impact resistance, transparency, gloss, slip properties, block- 
ing resistance and heat-sealing properties by the aforesaid test methods. 
[0181] The results are set forth in Table 1 . 

Example 2 

[0182] A film having a thickness of 50 [im was obtained In the same manner as in Example 1 , except that an ethylene/ 
1-octene random copolymer (EOP) having an ethylene content of 84 % by mol, MFR (ASTM D 1238. 190 °C, load of 
2.16 kg) of 1 .8 g/10 min, a density of 0.869 g/cm^ and a crystallinity (measured by X-ray diffractometry) of 6 % was 
used in place of the ethylene/propylene random polymer (EPR). 

[0183] The film was evaluated on the low-temperature impact resistance, transparency, gloss, slip properties, block- 
ing resistance and heat-sealing properties by the aforesaid test methods. 
[0184] The results are set forth in Table 1 . 

Comparative Example 1 

[0185] A film having a thickness of 50 ^im was obtained in the same manner as in Example 1 , except that the pro- 
pylene/1 -butene random copolymer (PBR-1 ) was not used. 

[0186] The film was evaluated on the low-temperature impact resistance, transparency, gloss, slip properties, block- 
ing resistance and heat-sealing properties by the aforesaid test methods. 
[0187] The results are set forth in Table 1 . 

Comparative Example 2 

[0188] A film having a thickness of 50 nm was obtained in the same manner as in Example 1 , except that the pro- 
pylene/1 -butene random copolymer (PBR-2) obtained in Preparation Example 2 was used in place of the propylene/ 
1 -butene random copolymer (PBR-1). 

[0189] The film was evaluated on the low-temperature impact resistance, transparency, gloss, slip properties, block- 
ing resistance and heat-sealing properties by the aforesaid test methods. 
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[0190] The results are set forth in Table 1 . 



Table 1 
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Heat-sealing properties 
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130*»C 


2.5 


2.7 


2.5 
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140°C 


11.7 


12.0 


11.7 


11.0 


150°C 


16.6 


16.5 


14.7 


15.5 


160X 


15.4 


15.8 


13.9 


13.9 



* 1: Polypropylene resin (Ethylene content: 2.3 mol%. MFR (23CrC): 6.5 g/10 min Tm: 14rC) 

' 2: Ethylene/propylene random copolymer Propylene content: 19 mol%. MFR (190"C): 1.0 g/10 min) 

* 3: Ethylene/l-octene random copolymer (1-octene content: 16 mol%. MFR (190»C): 1.8 g/10 min) 

' 4: Propylene/l-tMitene random copolymer (1-butene content: 24 mol%, MFR (230°C): 6.8 g/10 min. Tm: 9rC) 
' 5: Propylene/1-butene random copolymer {1-butene content: 23 mol %. MFR (230*0): 6.4 g/10 min, Tm: 110 »C) 



Claims 

1. A polypropylene resin composition comprising 

(a) 50-99 wt.-% of a polypropylene resin (A) and 

(b) 50-1 wt.-% of a rubber component (B) comprising 

b1) an ethylene random copolymer (B1) of ethylene and a C3.20 a-olefin. and having the following prop- 
erties: 

(1-1) a density of 0.850-0.900 g/cm^, 

(2-1) a melt flow rate (ASTM D 1238. 190*»C. 2.16kg load) of 0,1-30 g/10 min, and 
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(3-1) a degree of crystatllnlty, measured by X-ray diffractometry, of less than 40%; and 

(b2) a propylene/1 -butene random copolymer (B2) containing 50-95 mol-% of constituent units derived 
from propylene and 5-50 mol-% of constituent units derived from 1 -butene, and having the following prop- 
erties: 

(1-2) a melt flow rate (ASTM D 1238, 230°C. 2.16 kg load) of 0.1-50g/10 min, 

(2-2) a molecular weight distribution (Mw/Mn). determined by GPC. of not more than 3.0. and 

(3-2) a B-value, indicating the randomness of the copolymerized monomer sequence distribution, of 
1.0-1.5, wherein B = Pi2/(2Pi x P2). where P^ is the molar fraction of the first monomer. P2 is the 
molar fraction of the second monomer and P-12 is the proportion of the first monomer-second monomer 
sequences to all the dyad sequences; and 

the weight ratio (B1)/{B2) of the ethylene random copolymer (B1) to the propylene/1 -butene random co- 
polymer (B2) in the rubber component (B) is In the range of 95/5 to 20/80. 

Composition according to claim 1. wherein (B1) is a linear ethylene/a-olefin random copolymer. 

Composition according to claim 2, wherein (B1) has the following additional properties: 

(4-1) an intrinsic viscosity (t^), measured in decahydronaphtalene at 135°C, of 0.3-3.0 dl/g, 

(5-1) a glass transition temperature (Tg) of not more than -50°C, 

(6-1) a molecular weight distribution (Mw/Mn). detemnined by GPC. of not more than 3.0. 

(7-1) a B-value, indicating the randomness of the copolymerized monomer sequence distribution, of 1.0-1.4, 

wherein B = Poe/(2Po x P^), where P^ is the molar fraction ofthe ethylene component, Pq is the molar fraction 

of the /a-olefin component, and Pqe is the proportion of the number of ethylene//a-olefin alternating sequences 

to all the dyad sequences; and 

(8-1) a ratio gr\* of the intrinsic viscosity (ti) (property (4-1)) to the intrinsic viscosity (Ti)bianic measured in 
decahydronaphtalene at 135**C, of a linear ethylene/propylene copolymer having the same weight-average 
molecular weight (measured by a light scattering method) as this copolymer and having an ethylene content 
of 70 mol-%, (n)/(il)biank. ^^^^ ^^an 0.95. 

Composition according to claim 1. wherein (B1) has the following additional properties: 

(4-1) an intrinsic viscosity (r\), measured in decahydronaphtalene at 135**C, of 0.3-3.0 dl/g, 

(5-1) a glass transition temperature (Tg) of not more than -50°C, 

(6-1) a molecular weight distribution (Mw/Mn), detenfnined by GPC, of not more than 3.0, 

(7-1) a B-value, as defined in claim 3, of 1.0-1.4; and 

(8-1) a ratio gr|*, as defined in claim 3, of 0.2-0.95. 

Composition according to any of claims 1 to 4, wherein (B2) further has the following properties 
(3-2) a B-value of 1.0-1.3, 

(4-2) a melting point Tm, measured by a differential scanning calorimeter, of 60-140**C, and Tm and the 
1 -butene constituent unit content M (mol-%) satisfy the relation 

-2.6M + 130 < Tm ^ -2.3M + 155. 



and 
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(5-2) the degree of crystallinity C (%), measured by X-ray diffractometry. and the 1-butene constituent unit 
content M (mol-%) satisfy the relation 

C>+1,5M + 75. 

6. Use of a polypropylene resin composition according to any of claims 1 to 5 for the production of polymer films or 
sheets. 



Revendications 

1. Composition de resine de polypropylene comprenant 

(a) 50 a 99 % en potds d'une resine de polypropylene (A) et 

(b) 50 S 1 % en poids d*un composant de type caoutchouc (B) comprenant 

b1) un copolymere statistique d'ethylene (B1) d'ethylene et d'une a-ol6fine en C3.20. et pr6sentant les 
propri^t^s sulvantes : 

(1-1) une masse volumique de 0,850 S 0.900 g/ cm^, 

(2-1) un indice de fluidity a r6tat fondu (norma ASTM D 1238. 190 **C, charge de 2,16 kg) de 0,1 d 
30g/10min, et 

(3-1) un degr6 de cristalllnlt6, mesur6 par diffractom6trie des rayons X, de moins de 40 % ; et 

b2) un copolymere statistique propyl6ne/1 -but6ne (82) contenant 50 a 95 % en moles de motifs constitutlfs 
derives du propylene et 5 a 50 % en moles de motifs constitutlfs d§riv6s du 1-butene, et pr6sentant les 
proprietes sulvantes : 

(1-2) un Indice de fluidity a I'etat fondu (norma ASTM D 1238, 230 °C, charge de 2,16 kg) de 0,1 d 
50 g/IOmIn, 

(2-2) une distribution de masse moleculaire (Mp/Mn) determinee par (chromatographle par permea- 
tion de gel) (GPC), ne depassant pas 3,0, et 

(3-2) une valeur B, indiquant le caractere statistique de la distribution des sequences de monom6res 
copolymerises, de 1 .0 ^ 1 .5, sachant que B = P^2K2P^ x Pj) ou repr6sente ia fraction molaire du 
premier monom6re, P2 repr6sente la fraction molaire du second monomere et P^j repr6sente la pro- 
portion des sequences premier monomere-second monomere par rapport a toutes les sequences de 
diades ; 

et le rapport pond6ral (B1 )/(B2) du copolymere statistique d'ethylene (B1 ) au copolymere statistique propylene/ 
1-butene (B2) dans le composant de type caoutchouc (B) est situe dans la gamme allant de 95/5 S 20/80. 

2. Composition selon la revendication 1 . dans laquelle (B1 ) est un copolymere statistique ethylene/ a-olefine lineaire. 

3. Composition selon la revendication 2, dans laquelle (B1 ) presente les proprietes supplementaires sulvantes : 

(4-1) une viscosite intrinseque (r\), mesuree dans le decahydronaphtalene a 135 **C, de 0,3 e 3,0 dl/g, 
(5-1) une temperature de transition vitreuse (Tv) ne depassant pas -50 °C, 
(6-1) une distribution de masse moleculaire (Mp/Mn), determinee par GPC, ne depassant pas 3,0, 
(7-1) une valeur B, indiquant le caractere statistique de la distribution des sequences de monomeres copoly- 
merises, de 1,0 a 1.4. sachant que B = Poe/{2Po ^ ^e) Pe represente la fraction molaire du composant 
ethylene, Pq represente la fraction molaire du composant /a-oieflne. et Pq^ repr6sente la proportion du nombre 
de sequences altemees ethyfene//a-oiefine par rapport a toutes les sequences de diades ; et 
(8-1) un rapport gii* de la viscosite intrinseque (t]) (propriete (4-1)) a la viscosite intrinseque (T|)t6moin. mesure 
dans le decahydronaphtalene a 135 °C. d'un copolymere ethylene/propylene lineaire presentant la meme 
masse moleculaire moyenne en poids (mesuree par un precede de diffusion de la lumiere) que ce copolymere 
et presentant une teneur en ethylene de 70 % en moles, (Tl)/(Ti)t6moin> P'"S de 0,95. 
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4. Composition selon la revendication 1 , dans laquelle (B1) presents les proprl§t^s supp[§mentaires suivantes : 

(4-1) una viscosite intrinseque (t|), mesuree dans le decahydronaphtal^ne a 135 ^C, de 0,3 a 3.0 dl/g, 

(5-1) una temperature da transition vitreuse (Tv) ne d6passant pas -50 °C, 

(6-1) une distribution de masse moleculaire (Mp/Mn), determinee par GPC, ne depassant pas 3,0, 

(7-1 ) une valeur Q, telle que dSfinle dans la revendication 3. de 1 .0 a 1 ,4 ; et 

(8-1) un rapport grf, tel que dSfini dans la revendication 3, de 0.2 d 0,95. 

5. Composition selon I'une quelconque des revendlcations 1 a 4, dans laquelle (B2) pr6sente encore les propriet^s 
suivantes: . 

(3-2) une valeur B de 1 ,0 a 1 ,3, 

(4-2) un point de fusion Tf, mesur6 ^ I'aide d'un calorimetre differential, de 60 a 140 °C, et Tf et la teneur M 
(% en moles) en motifs constitutlfs 1-but§ne satisfont la relation 

-2,6M + 130 $ Tf < -2,3M + 155, 

et 

(5-2) le degre de cristallinite C (%), mesure par diffractometrie des rayons X, et la teneur M (% en moles) en 
motifs constitutlfs 1 -butane satisfont la relation 

C>+1,5M + 75. 

6. Utilisation d'une composition de r^sine de polypropylene selon I'une quelconque des revendlcations 1^5 pour la 
production de feuilies ou de films de polym^re. 



Patentanspruche 

1. Polypropylenharz-Zusammensetzung, umfassend 

(a) 50 bis 99 Gew.% eines Polypropylenharzes (A) und 

(b) 50 bis 1 Gew.% eines Gummibestandteils (B), umfassend 

(b1) ein statistisches Ethylen-Copolymer (B1) aus Ethylen und einem C3.2o-ot-Olefin mit den folgenden 
Eigenschaften: 

(1-1) eine Dichte von 0,85 bis 0,9 g/cm^, 

(2-1) eine Schmelzflussrate (ASTM D 1238. 190°C, 2,16 kg Beladung) von 0.1 bis 30 g/10 min. und 
(3-1 ) einen Grad der Kristallinitat. gemessen durch Rontgendiffraktometrie. von weniger als 40 %; und 

(b2) ein statistisches Propylen/1 -Buten-Copolymer (B2), enthaltend 50 bis 95 mol-% an konstituierenden 
Einheitan, abgeleitet von Propylen, und 5 bis 50 % an konstituierenden Einheiten, abgeleitet von 1-Buten, 
und mit den folgenden Eigenschaften: 

(1-2) eine Schmelzflussrate (ASTM D 1238, 230°C, 2.16 kg Beladung) von 0.1 bis 50 g/10 min. 
(2-2) eine Molekulargewichtsverteilung (Mw/Mn), bestimmt durch GPC, von nicht mehr als 3, und 
(3-2) einen B-Wert, der die Statistik der copolymerisierten Monomersequenzverteilung angibt, von 1 
bis 1,5, worin B = Pi2/(2Pi x Pg) ist, worin P^ die molare Fraktion des ersten Monomers ist. Pj ist 
die molare Fraktion des zweiten Monomers und P^2 Verhaltnis der ersten Monomer-zweiten 
Monomer-Sequenzen zu alien zweiwertigen Sequenzen; 

und wobai das Gawichtsverhaltnis (B1 )/(B2) des statistischen Ethylen-Copolymers (B1) zu dam statistischen 
Propylen/I -Buten-Copolymer (B2) in dem Gummibestandteil (B) im Bereich von 95/5 bis 20/80 liegt. 
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Zusammensetzung gemass Anspaich 1, wobei (B1) ein statistisches lineares Ethylen/a-Olefin-Copolymer ist. 

Zusammensetzung gemass Anspruch 2, wobei (B1) die folgenden zusatzlichen Eigenschaften aufweist: 

(4-1) sine intrinsische Viskosltat (ti), gemessen in Decahydronaphthalin bei 135°C, von 0,3 bis 3 dl/g, (5-1) 
eine GlasQbergangstemperatur (Tg) von nicht mehr als -50°C, 

(6-1) eine Molekulargewichtsverteilung (Mw/Mn), bestimmt durch GPC, von nicht mehr als 3, 
(7-1) einen B-Wert, der die Statistik der copolymerisierten Monomersequenzverteilung angibt, von 1 bis 1,4, 
worin B = Poe/{2po ^ Pe) ^st, wobei Pg die molare Fraktion des Ethylen-Bestandteils ist, Pq ist die molare 
Fraktion des /a-Olefin-Bestandteils und Pq^ ist das Verhaltnis der Zahl der EthyIen//a-Olefin-altemierenden 
Sequenzen zu alien zweiwertigen Sequenzen; und 

(8-1) ein Verhaltnis gri* der intrinsischen Viskositat (t|) [Eigenschaft (4-1)] zu der intrinsischen Viskositat 
(^)Leerwert» Qeniessen in Decahydronaphthalin bei 135°C, eines linearen Ethylen/Propylen-Copolymers mil 
dem selben gewichtsbezogenen durchschnittlichen Molekulargewicht (gemessen durch die 
Lichtstreuungsmethode) wie dieses Copolymer und mit einem Ethylengehalt von 70 mol-% von (il)/{'n)Leerwert 
von mehr als 0,95. 

Zusammensetzung gemass Anspruch 1, worin (B1) die folgenden zusatzlichen Eigenschaften aufweist: 

(4-1) eine intrinsische Viskositat {r\), gemessen in Decahydronaphthalin bei 135''C von 0,3 bis 3 dl/g, (5-1) 
eine GlasObergangstemperatur (Tg) von nicht mehr als -50°C, 

(6-1) eine Molekulargewichtsverteilung (Mw/Mn), bestimmt durch GPC, von nicht mehr als 3, 
(7-1) einen B-Wert, wie in Anspruch 3 definiert, von 1 bis 1,4, und 
(8-1) ein Verhditnis gr\*, wie in Anspruch 3 definiert, von 0,2 bis 0,95. 

Zusammensetzung gemass einem der Anspruche 1 bis 4, worin (B2) weiterhin die folgenden Eigenschaften auf- 
weist: 

(3-2) einen B-Wert von 1 bis 1,3. 

(4-2) einen Schmelzpunkt (Tm), gemessen mit einem Kalorimeter mit Differentialabtastung von 60 bis 140''C, 
wobei Tm und der Gehalt M (mol-%) der 1-Buten-Bestandteil-Einheit dem Verhaltnis 

-2,6M + 130 < Tm < -2,3M + 155 

und 

(5-2) der Grad der Khstaltinitat C (%), gemessen durch Rdntgendiffraktometrie und der Gehalt M (mol-%) der 
l-Buten-Bestandtei!seinhelt der Gleichung 

C^+1,5M + 75 

entsprechen. 

Verwendung einer Polypropylenharz-Zusammensetzung gemass einem der Anspruche 1 bis 5 fur die Herstellung 
von Polymerfilmen oder Biattern. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to polypropylene resin compositions, and more particularly to polypropylene 
resin compositions which exhibit excellent heat-sealing strength, low-temperature impact resistance, transparency, 
blocking resistance and slip properties when they are used in the form of films. 

BACKGROUND OF THE INVENTION 

[0002] Polypropylene resins have excellent rigidity and heat resistance, but have a defect of poor Impact resistance, 
particularly poor impact resistance at low temperatures. To remove this defect, it is well known to blend the polypro- 
pylene resins with a rubber component comprising an ethylene/propylene random copolymer or an ethylene/butene 
random copolymer. 

[0003] In the conventional polypropylene resin compositions, however, the dispersed particles of the rubber compo- 
nent such as the ethylene/propylene random copolymer or the ethylene/butene random copolymer are large, so that 
a film of the composition does not have sufficiently high heat-sealing strength. For this reason, it is difficult to obtain a 
composition capable of producing films of good balance between the heat-sealing properties and the impact resistance. 

Besides, the conventional compositions suffer bad transparency. 

[0004] in order to improve the balance between the heat-sealing properties and the impact resistance of films, blend- 
ing of the propylene resin with an ethylene/a-olefin random copolymer and further a propylene/a-olefin random copol- 
ymer has been proposed in Japanese Patent Laid-Open Publication No, 43242/1989. 

[0005] EP-A-716 121 describes a composition of polypropylene and a propylene-butene copolymer with a low mo- 
lecular weight distribution and high randomness. 

[0006] Even if the above blending is performed, however, the balance between the heat-sealing properties and the 
impact resistance, the transparency and the blocking resistance of films of the resulting blend are still insufficient. 
[0007] Accordingly, development of polypropylene resin compositions capable of producing films having not only 
excellent heat-sealing properties but also excellent impact resistance, in particular low-temperature impact resistance, 
transparency and blocking resistance has been desired. 

OBJECT OF THE INVENTION 

[0008] The present invention is intended to solve such problems associated with the prior arc as described above, 
and it is a main object of the invention to provide a polypropylene resin composition capable of producing films and 
sheets having not only excellent heat sealing properties but also excellent impact resistance, in particular low-temper- 
ature impact resistance, transparency, blocking resistance, blushing resistance and scratch resistance. 

SUMMARY OF THE INVENTION 

[0009] The polypropylene resin composition according to the present invention is a polypropylene resin composition 
comprising 

(a) 50-99 wt.-% of a polypropylene resin (A) and 

(b) 50-1 wt.-% of a rubber component (B) comprising 

b1) an ethylene random copolymer (81) of ethylene and a C3.20 a-olefin, and having the following properties: 
(1-1) a density of 0.850-0.900 g/cm3. 

(2-1) a melt flow rate (ASTM D 1238, 190^C, 2.16kg load) of 0.1-30 g/10 min. and 

(3-1) a degree of crystallinity, measured by X-ray diffractometry, of less than 40%; and 

(b2) a propylene/1 -butene random copolymer (B2) containing 50-95 mol-% of constituent units derived from 
propylene and 5-50 mol-% of constituent units derived from i-butene, and having the following properties: 

(1-2) a melt flow rate (ASTM D 1238. 230X. 2.16 kg load) of 0.1-50g/10 min. 
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(2-2) a molecular weight distribution (Mw/Mn), determined by GPC, of not more than 3.0, and 

(3-2) a B-value, indicating the randomness of the copolymerized monomer sequence distribution, of 
1 ,0-1 .5, wherein B = Pi2/(2P^ x P2). where P^ is the molar fraction of the first monomer. Pj is a the molar 
fraction of the second monomer fraction and P^g is the proportion of the first monomer-second monomer 
sequences to all the dyad sequences; 

and the weight ratio (B1 )/(B2) of the ethylene random copolymer {B1 ) to the propylene/1 -butene random copolymer 
(B2) in the rubber component (B) is in the range of 95/5 to 20/80. 

[0010] The ethylene random copolymer (B1) is, for example, a linear ethyl ene/a-olefin random copolymer. 
[001 1] This linear ethylene/a-olefin random copolymer preferably has the following properties: 

(a) the density is in the range of 0.850 to 0.900 g/cm^, 

(b) the intrinsic viscosity (t|), as measured in decahydronaphthalene (decalin) at 135 °C, is in the range of 0 3 to 
3.0 dl/g, 

(c) the glass transition temperature (Tg) is not higher than -50 °C, 

(d) the crystallinity, as measured by X-ray diffractometry, is less than 40 %. 

(e) the molecular weight distribution (Mw/Mn), as determined by GPC. is not more than 3.0. 

(f) the parameter B value, which indicates randomness of a copolymerized monomer sequence distribution is in 
the range of 1 .0 to 1 .4, and 

(g) the ratio gri* of the intrinsic viscosity (ii) determined as the property (b) to the intrinsic viscosity (Ti)b,ank of a 
linear ethylene/propylene copolymer having the same weight-average molecular weight (measured by a light scat- 
tering method) as this copolymer and having an ethylene content of 70 % by mol. (Ti)/(Ti)biank. 'S more than 0.95. 

[0012] The linear ethylene/a-olefin random copolymer is preferably an ethylene/a-olefin random copolymer obtained 
by random copolymerizing ethylene and an a-olefin of 6 to 20 carbon atoms in the presence of a metallocene catalyst 
comprising a metallocene compound represented by the following formula (I) or (II). 




(I) 



wherein M is a transition metal of Group IVB of the periodic table, 

and R12 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms which may 
be substituted with halogen, a silicon-containing group, an oxygen-containing group, a sulfur-containing group, a 
nitrogen-containing group or aphosphorus-containing group, 
R^^ and R^^ gre each an alkyi group of 1 to 20 carbon atoms, 

X1 and X2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group, and 
Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 
carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -O- -CO- -S- -SO- 
-SO2-. -NR7.. .P(R7)-. -P(0)(R7)-, -BR7. or -AIR^- (R7 is a hydrogen atom, a halogen atom.' a hydrocarbon group 
of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms; or 
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10 



15 




(II) 



20 



25 



wherein M is a transition metal of Group IVB of the periodic table, 

the groups R^^ may be the same or different, and are each a hydrogen atom, a halogen atom, an aikyi group 
of 1 to 10 carbon atoms which may be halogenated, an aryl group of 6 to 10 carbon atoms, -NRg, -SR, -OSIR3, 
-SiRs or -PR2 (R is a halogen atom, an alkyi group of 1 to 1 0 carbon atoms or an aryl group of 6 to 1 0 carbon atoms), 
R22 to R28 are each the same as R2\ or adjacent groups of R22 to R28 may forni an aromatic ring or an aliphatic 
ring together with the atoms to which they are bonded. 

X3 and X'* may be the same or different, and are each a hydrogen atom, a halogen atom, OH group, an alkyI group 
of 1 to 10 carbon atoms, an alkoxy group of 1 to 10 carbon atoms, an aryl group of 6 to 10 carbon atoms, an aryloxy 
group of 6 to 10 carbon atoms, an alkenyl group of 2 to 10 carbon atoms, an arylalkyi group of 7 to 40 carbon 
atoms, an alkylaryl group of 7 to 40 carbon atoms or an arylalkenyl group of 8 to 40 carbon atoms, and 
Zls 



30 



35 



40 
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=BR29 =AIR29, -Ge-. -Sn-, -0-. -S-. =SO. =S02, =NR29, =C0. =PR29 or =P(0)R29 (R29 and R30 may be the same 
45 or different, and are each a hydrogen atom, a halogen atom, an alkyI group of 1 to 10 carbon atoms, a fluoroalkyi 

group of 1 to 10 carbon atoms, an aryl group of 6 to 10 carbon atoms, a fluoroaryl group of 6 to 10 carbon atoms, 
an alkoxy group of 1 to 10 carbon atoms, an alkenyl group of 2 to 10 carbon atoms, an arylalkyi group of 7 to 40 
carbon atoms, an arylalkenyl group of 8 to 40 carbon atoms or an alkylaryl group of 7 to 40 carbon atoms, or R29 
and R^^ may form a ring together with the atoms to which they are bonded, and M2 is silicon, germanium or tin) 

50 

[001 3] The ethylene random copolymer (B1 ) may also be a long-chain branched ethylene/a-olefin random copolymer. 
[0014] The long-chain branched ethylene/a-olefin random copolymer preferably has the following properties: 

(a) the density is in the range of 0.850 to 0.900 g/cm^, 
55 (b) the intrinsic viscosity (ti). as measured in decalin at 135 '^C. is in the range of 0.3 to 3.0 dl/g, 

(c) the glass transition temperature (Tg) is not higher than -50 **C. 

(d) the crystalltnity. as measured by X-ray diffractometry, is less than 40 %. 

(e) the molecular weight distribution (Mw/Mn). as detemiined by GPC. is not more than 3.0. 
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(f) the parameter B value, which indicates randomness of a copolymerized monomer sequence distribution, Is in 
the range of 1 .0 to 1 .4, and 

(g) the ratio gr]* of the intrinsic viscosity determined as the property (b) to the intrinsic viscosity (Ti)biank a 
linear ethylene/propylene copolymer having the same weight-average molecular weight (measured by a light scat- 
tering method) as this copolymer and having an ethylene content of 70.% by mol, (il)/(ii)biank. in the range of 
0.2 to 0.95. 

[0015] The long-chain branched ethylene/a-olefin random copolymer is preferably an ethylene/a-olefin random co- 
polymer obtained by random copolymerlzing ethylene and an a-olefin of 3 to 20 carbon atoms In the presence of a 
metallocene catalyst comprising a metallocene compound represented by the following formula (III): 



IS 



20 



25 



30 



35 



40 




(III) 

wherein M is a transition metal of Group IVB of the periodic table, 

is a hydrocarbon group of 1 to 6 carbon atoms, 
R2, R4, R5 and R^ may be the same or different, and are each a hydrogen atom, a halogen atom or a hydrocarbon 
group of 1 to 6 carbon atom, 

R3 is an aryl group of 6 to 1 6 carbon atoms, which may be substituted with either a halogen atom, a hydrocarbon 
group of 1 to 20 carbon atoms or an organosilyl group, 

and X2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group, and 
Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 
carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -0-, -CO-. -S-, -SO-, 
-SO2-, -NR7-. -P(R7)-, -P(0)(R7)-, -BR7- or -AIR^- (R7 is a hydrogen atom, a halogen atom, a hydrocarbon group 
of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 

[0016] The propylene/1 -butene random copolymer (B2) preferably has the parameter B value (property (4)), which 
indicates randomness of a copolymerized monomer sequence distribution, of 1.0 to 1.3; 
and further has the following properties: 



45 



(5) the melting point Tm, as measured by a differential scanning calorimeter, is in the range of 60 to 140 °C, and 
the melting point Tm and the 1 -butene constituent unit content M (% by mol) satisfy the relation 



-2.6M + 130 < Tm < -2.3M + 155, 



50 



and 



(6) the crystallinity C (%), as measured by X-ray diffractometry, and the 1 -butene constituent unit content M (% by 
mol) satisfy the relation 



C>-1.5M + 75. 

55 

[GDI 7] The propylene/1 -butene random copolymer (B2) can be obtained by copolymerizing propylene and 1 -butene 
in the presence of an olefin polymerization catalyst comprising: 
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(e) a transition metal compound represented by the following formula (IV): 




wherein M is a transition metal of Group IVB. VB or VIS of the periodic table, 

R'' and R2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing 
group, a sulfur-containing group, a nitrogen-containing group or a phosphoms-containing group, 
R3 is a secondary or tertiary alkyl group of 3 to 20 carbon atoms or an aromatic group, 
R4 is a hydrogen atom or an alkyl group of 1 to 20 carbon atoms, 

XI and X2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing 
group, and 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 
20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin- 
containing group, -O. -CO-, -S-, -SO-, -SOg-. '•NR3-, -P(R3)-, -P(0)(R3)-, -BR3- or -AIR3- (R3 Is a hydrogen 
atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 
1 to 20 carbon atoms), 

(f) an organoaluminum oxy-compound (f-1) and/or a compound (f-2) which reacts with the transition metal com- 
pound (e) to form an ion pair, 

and optionally 

(g) an organoaluminum compound. 

in the formula (IV) is preferably methyl. 
DETAILED DESCRIPTION OF THE INVENTION 

[0018] The polypropylene resin composition according to the invention is described in detail hereinafter. 
[001 9] The polypropylene resin composition of the invention comprises a polypropylene resin (A) and a rubber com- 
ponent (B) which comprises an ethylene random copolymer (B1) and a propylene/1 -butene random copolymer (B2). 

Polypropylene resin (A) 

[0020] The polypropylene resin (A) for use in the invention is a homopolymer of propylene or a random or block 
copolymer of propylene and another a-olefin such as ethylene or 1 -butene. The polypropylene resin (A) generally 
contains propylene constituent units in amounts of not less than 90 % by mol and is desired to have a boiling n-heptane- 
insoluble fraction of not less than 90 %, preferably not less than 93 %. 

[0021] The polypropylene resin (A) can typically be prepared by the use of a catalyst formed from a solid titanium 
catalyst component and an organometallic compound catalyst component or a catalyst formed from the both compo- 
nents and an electron donor. 

[0022] Examples of the solid titanium catalyst components include titanium trichloride, a titanium trichloride compo- 
sition, and a supported titanium catalyst component containing magnesium, halogen, an electron donor (preferably an 
aromatic carboxylic acid ester or an alkyl group-containing ether) and titanium as essential ingredients, prepared by 
any methods. Of these, particularly preferable is a supported titanium catalyst component having a specific surface 
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area of preferably not less than 100 m^/g. 

[0023] The organometallic compound catalyst component Is preferably an organoaluminum compound, and exam- 
ples thereof include trialkylaluminum, dialkylalumlnum halide, alkylaluminum sesquihalide and alkylaluminum dihalide. 
The suitability of these compounds as the catalyst components depends upon the type of the titanium catalyst com- 
5 ponent used, so that it is preferable to appropriately select the organoaluminum compound according to the type of 
the titanium catalyst component used. 

[0024] The electron donor is an organic compound containing, for example, nitrogen, phosphorus, sulfur, oxygen, 
silicon or boron, and preferred examples thereof include esters and ethers. 

[0025] The polypropylene resin (A) for use in the invention can be prepared in accordance with known methods using 
10 conventional solid titanium catalyst components or metallocene compound catalyst components. 
[0026] The polypropylene resin (A) can be used singly or In combination of two or more kinds. 
[0027] The polypropylene resin (A) is used In an amount of 50 to 99 % by weight, preferably 60 to 95 % by weight, 
more preferably 70 to 90 % by weight, based on 100 % by weight of the total amount of the polypropylene resin (A) 
and the rubber component (B). 

15 

Rubber component (B) 

[0028] The rubber component (B) for use in the invention comprises an ethylene random copolymer (B1) and a 
propylene/1 -butene random copolymer (B2). 
20 [0029] In the rubber component (B), the weight ratio ((B1 )/(B2)) of the ethylene random copolymer (B1 ) to the pro- 
pylene/1 -butene random copolymer (B2) is in the range of 95/5 to 20/80, preferably 90/10 to 40/60, more preferably 
80/20 to 50/50. 

[0030] The rubber component (B) is used in an amount of 50 to 1 % by weight, preferably 40 to 5 % by weight, more 
preferably 30 to 1 0 % by weight, based on 1 00 % by weight of the total amount of the polypropylene resin (A) and the 
25 rubber component (B). 

Ethylene random copolymer (B1) 

[0031] The ethylene random copolymer (B1) for use in the invention comprises ethylene and an a-olefin of 3 to 20 
30 carbon atoms. 

[0032] Examples ofthea-olefinsof3 to 20 carbon atoms include propylene, 1 -butene, 1-pentene, 1-hexene, 1-hep- 
tene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene, 1-hexa- 
decene, 1-heptadecene, 1-octadecene, 1-nonadecene, 1-eicosene, 3-methyl-1 -butene. 3-methyM-pentene, 3-ethyl- 
1-pentene, 4-methyl-1-pentene, 4-methyl-1-hexene, 4,4-dimethyl-1-hexene, 4,4-dimethyl-1-pentene, 4-ethyl-1-hex- 

35 ene, 3-ethyl-1-hexene, 9-methyl-1-decene. 11-methyl-1-dodecene. 12-ethyl-1-tetradecene and mixtures thereof. Of 
these, preferable are a-olefins of 3 to 10 carbon atoms, and particularly preferable are a-olefins of 3 to 8 carbon atoms. 
[0033] The ethylene random copolymer (B1 ) has a density of 0.850 to 0.900 g/cm^, preferably 0.850 to 0.888 g/cm^, 
more preferably 0.850 to 0.885 g/cm^. When the ethylene random copolymer (81 ) has a density in this range, the low- 
temperature Impact resistance can be much Improved. 

40 [0034] The ethylene random copolymer (B1) has a melt flow rate (ASTM D 1238, 190 °C, load of 2.16 kg) of 0.1 to 
30 g/10 min, preferably 3 to 20 g/10 min. The ethylene random copolymer (B1) having a melt flow rate in this range 
shows good dispersibility in the polypropylene resin (A). 

[0035] The ethylene random copolymer (B1 ) has a crystallinity, as measured by X-ray diffractometry, of less than 40 
%. When the ethylene random copolymer (B1 ) has a crystallinity of less than 40 %, the impact resistance can be much 
45 Improved. 

[0036] The ethylene random copolymer (B1) can be used singly or in combination of two or more kinds. 
[0037] The ethylene random copolymer (81) can be prepared by random copolymerizing ethylene and an a-olefin 
of 3 to 20 carbon atoms in the presence of an olefin polymerization catalyst formed from, for example, a soluble va- 
nadium compound and an alkylaluminum halide compound. 
50 [0038] Examples of the soluble vanadium compounds include vanadium tetrachloride, vanadium oxytrichloride, va- 
nadium triacetylacetate and oxyvanadium triacetylacetate. Examples of the alkylaluminum halide compounds include 
ethylaluminum dichloride, diethylaluminum monochloride, ethylaluminum sesquichloride, diethylaluminum monobro- 
mide, diisobutylaluminum monochloride and isobutylaluminum sesquichloride. 

[0039] The random copolymerization can be carried out in a solution state, a suspension state or an Intermediate 
55 state therebetween. In any case, an inert solvent is preferably used as a reaction medium. Examples of the inert 
solvents include aliphatic hydrocarbons of about 3 to 12 carbon atoms, such as propane, butane, pentane, hexane, 
octane, nonane, decane, undecane and dodecane; keroslne; and halogenated hydrocarbons, such as methyl chloride, 
ethyl chloride and ethylene dichloride. These solvents can be used singly or in combination. The polymerization tern- 
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perature may be in the range of 0 to 100 °C. 

[0040] In the present invention, the following linear or long-chain branched ethylene/a-olefin random copolymer is 
preferably used as the ethylene random copolymer (B1). 

5 Linear ethylene/aolefin random copolymer 

[0041] The linear ethylene/a-olefin random copolymer preferably used in the invention has a density of 0.850 to 
0.900 g/cm3, preferably 0.850 to 0.888 g/cm^, more preferably 0.850 to 0.885 g/cm^, and has a melt flow rate (ASTM 
D 1238, 190 X, load of 2.16 kg) of 0.1 to 30 g/10 min, preferably 3 to 20 g/10 min. 

10 [0042] The linear ethylene/a-olefin random copolymer has an intrinsic viscosity (r\), as measured In decalin at 135 
°C, of 0.3 to 3.0 dl/g, preferably 0.5 to 2.0 dl/g. The linear ethylene/a-olefin random copolymer having an intrinsic 
viscosity in this range has good blending properties with the propylene/1 -butene random copolymer (B2) and with the 
polypropylene resin (A). Further, use of this linear ethylene/a-olefin random copolymer makes it possible to obtain a 
polypropylene resin composition having high flowability and excellent moldability. 

15 [0043] The linear ethylene/a-olefin random copolymer preferably has a glass transition temperature (Tg). as meas- 
ured by a differential scanning calorimeter (DSC), of not higher than -50 **C. 

[0044] The linear ethylene/a-olefin random copolymer has a crystallinity, as measured by X-ray diffractometry, of 
less than 40 %, preferably not more than 30 %. When the linear ethylene/a-olefin random copolymer having a crys- 
tallinity of less than 40 % is used, a polypropylene resin composition having excellent flexibility can be obtained. 

20 [0045] The linear ethylene/a-olefin random copolymer desirably has a molecular weight distribution (Mw/Mn). as 
determined by GPC, of not more than 3.0, and desirably has a parameter B value, which indicates randomness of a 
copofymerized monomer sequence distribution and is determined by a ^^C-NMR method, of 1.0 to 1 .4. 
[0046] The B value of the linear ethylene/a-olefin random copolymer is an index of a composition distribution of 
constituent units derived from each monomer in the copolymerized monomer sequences, and can be calculated by 

25 the following equation: 

B = Poe/(2PoPe) 

30 wherein P^ is a molar fraction of an ethylene component contained in the ethylene/a-olefin random copolymer, Pq is 
a molar fraction of an a-olefin component contained therein, and Pqe is a proportion of the number of ethylene/a-olefin 
alternating sequences to the number of all the dyad sequences. 
[0047] The values for P^, Pq and Pqe can be determined in the following manner. 

[0048] In a test tube having a diameter of 1 0 mm, about 200 mg of an ethylene/a-olefln random copolymer Is homo- 
35 geneously dissolved in 1 ml of hexachlorobutadiene to give a sample. A ^^c-NMR spectrum of this sample is measured 
under the following measuring conditions. 

Measuring conditions 

40 [0049] 

Measuring temperature: 120 °C 
Measuring frequency; 20.05 MHz 
Spectrum width: 1,500 Hz 
45 Filter width: 1,500 Hz 

Pulse repetition time: 4.2 sec 
Pulse width: 7 ^sec 

Number of integration times: 2,000 to 5,000 

50 [0050] The Pg, Pq and Pq^ values can be found from the ^^c-NMR spectrum in accordance with the reports by G. 
J. Ray (Macromoiecules, 10, 773 (1977)), J.C. Randall (Macromolecules, 15. 353 (1982)) and K. Kimura (Polymer, 25, 
4418(1984)). 

[0051] When the both monomers are alternately distributed in the ethylene/a-olefin copolymer, the B value defined 
by the above equation is 2, and when the both monomers are completely separately distributed to form a complete 
55 block copolymer, the B value is 0. 

[0052] When the linear ethylene/a-olefin random copolymer having a B value in the above range is used, a polypro- 
pylene resin composition capable of providing molded products of high heat resistance can be obtained. 
[0053] The linear ethylene/a-olefin random copolymer preferably has a gti* value, as determined by the intrinsic 
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viscosity (t\), of more than 0.95. 

[0054] The gr\* value is defined by the following equation: 

5 gn* = (n)/{n)biank 

wherein (ri) is an intrinsic viscosity of the linear ethylene/a-olefin random copolymer measured above (property (b)), 
and (T|)biank an intrinsic viscosity of a linear ethylene/propylene copolymer having the same weight-average molecular 
weight (measured by a light scattering method) as this ethylene/a-olefin random copolymer and having an ethylene 
10 content of 70 % by mol. 

, [0055] By the use of the linear ethylene/a-olefin random copolymer having the above properties, a polypropylene 
resin composition capable of providing molded products having excellent mechanical strength and heat resistance can 
be obtained. 

[0056] A process for preparing the linear ethylene/a-olefin random copolymer is described later. 

15 

Long-chain branched ethylene/a-olefin random copolymer 

[0057] The long-chain branched ethylene/a-olefin random copolymer preferably used in the invention has a density 
of 0.850 to 0.900 g/cm3, preferably 0.850 to 0.888 g/cm^. more preferably 0.850 to 0.885 g/cm^, and has a melt flow 

20 rate (ASTM D 1238, 190 ^C, load of 2.16 kg) of 0.1 to 30 g/10 min, preferably 3 to 20 g/10 min. 

[0058] The long-chain branched ethyl en e/a-olefin random copolymer has an intrinsic viscosity (ti), as measured in 
decalin at 135 °C, of 0.3 to 3.0 dl/g, preferably 0.5 to 2.0 dl/g. The long-chain branched ethylene/a-olefin random 
copolymer having an intrinsic viscosity in this range has good blending properties with the propylene/1 -butene random 
copolymer (B2) and with the polypropylene resin (A). Further, use of this long-chain branched ethylene/a-olefin random 

25 copolymer makes it possible to obtain a polypropylene resin composition having high flowability and excellent molda- 
bility. 

[0059] The long-chain branched ethyl en e/a-otefin random copolymer preferably has a glass transition temperature 
(Tg), as measured by DSC, of not higher than -50 '•C. 

[0060] The long-chain branched ethylene/a-olefin random copolymer has a crystallinity, as measured by X-ray dif- 
30 fractometry, of less than 40 %. preferably not more than 30 %. When the long-chain branched ethylene/a-olefin random 
copolymer having a crystallinity of less than 40 % is used, a polypropylene resin composition having excellent flexibility 
can be obtained. 

[0061] The long-chain branched ethylene/a-olefin random copolymer desirably has a molecular weight distribution 
(Mw/Mn), as determined by GPC, of not more than 3.0, and desirably has a parameter B value, which Indicates ran- 

35 domness of a copolymerized monomer sequence distribution and is determined by a '•^c-NMR method, of 1 .0 to 1 .4. 
[0062] When the long-chain branched ethylene/a-olefin random copolymer having a B value in this range is used, 
a polypropylene resin composition capable of providing molded products of high heat resistance can be obtained. 
[0063] The long-chain branched ethylene/a-olefin random copolymer preferably has a gii* value of 0,2 to 0,95, more 
preferably 0.4 to 0.9, particularly preferably 0.5 to 0.85. By the fact that the ethylene/a-olefin random copolymer has 

40 a gn* value of not more than 0.95 is revealed that a long-chain branch is fomied in the molecule. 

Preparation of linear or long-chain branched ethylene/a-olefin random copolymer 

[0064] The linear or the long-chain branched ethylene/a-olefin random copolymer having the above properties can 
45 be prepared by random copolymerizing ethylene and an a-olefin of 3 to 20 carbon atoms in the presence of a metal- 
locene catalyst containing a specific metallocene compound. 

[0065] There is no specific limitation on the metallocene catalyst as far as it contains a metallocene compound (a). 
For example, the metallocene catalyst may be formed from a metallocene compound (a) and an organoaluminum oxy- 
compound (b) and/or a compound (Ionized ionic compound) (c) which reacts with the metallocene compound (a) to 
50 form an Ion pair; or the metallocene catalyst may be formed from a metallocene compound (a), an organoaluminum 
oxy-compound (b) and/or a compound (c) which fomis an ion pair, and an organoaluminum compound (d). 

Metallocene compound (a) 

55 [0066] A metallocene compound (a1) for use in the preparation of the linear ethylene/a-olefin random copolymer 
that is preferably used in the invention is described in detail in Japanese Patent Application No. 236771/1 995 and PCT/ 
JP96/02609. 

[0067] In the present invention, a compound represented by the following formula (I) or (II) (corresponding to the 
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formula (III) or (IV) in Japanese Patent Application No. 236771 /1 995) is preferably used as the metallocene compound 
(a1): 



X' X2 
\ / 



10 



15 




[0068] In the above formula, M is a transition metal atom of Group IVB of the periodic table, specifically titanium, 
zirconium or hafnium, particularly preferably zirconium. 
20 [0069] R^^ and R^^ are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms which 
may be substituted with halogen, a silicon-containing group, an oxygen-containing group, a sulfur-containing group, a 
nitrogen-containing group or a phosphorus-containing group. 

[0070] R""^ is particularly preferably a hydrocarbon group of 1 to 3 carbon atoms, such as methyl, ethyl or propyl. R}^ 
is particularly preferably a hydrogen atom or a hydrocarbon group of 1 to 3 carbon atoms, such as methyl, ethyl or propyl. 
25 [0071] R13 and R^'* are each an alkyi group of 1 to 20 carbon atoms. R^^ jg preferably a secondary or tertiary alkyi 
group. R''^ may contain a double bond or a triple bond. 

[0072] and X2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 

halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group. Of 

these, preferable is a halogen atom or a hydrocarbon group of 1 to 20 carbon atoms. 
30 [0073] Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 

to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -0-, -CO-, -S-, -SO-. 

-SO2-. -NR''-, -P(R^)-. -P(0){R7)-. -BR7- or -AIR^- (R7 is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 

to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). Y is particularly preferably an 

alkylsilylene group, an alkylarylsilylene group or an arylsilylene group. 
35 [0074] The transition metal compound mentioned above can be prepared from an indene derivative in accordance 

with a known process, for example, a process described in Japanese Patent Laid-Open Publication No. 268307/1 992. 



40 



45 



50 




(II) 



[0075] In the above formula, M is a transition metal atom of Group IVB of the periodic table, specifically titanium, 
zirconium or hafnium, particularly preferably zirconium. 
55 [0076] The groups R^i may be the same or different, and are each a hydrogen atom, a halogen atom, an alkyi group 
of 1 to 10 carbon atoms which may be halogenated, an aryl group of 6 to 10 carbon atoms, -NR2, -SR, -OSiRs, -SIR^ 
or -PR2 (R is a halogen atom, an alkyi group of 1 to 10 carbon atoms or an aryl group of 6 to 10 carbon atoms). 
[0077] R22 to R28 may be the same or different, and are each the same as defined for R2i , and at least two adjacent 
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groups of R22 to R28 may form an aromatic ring or an aliphatic ring together with the atoms to which they are bonded. 
[0078] and may be the same or different, and are each a hydrogen atom, a halogen atom, OH group, an alkyi 
group of 1 to 10 carbon atoms, an alkoxy group of 1 to 10 carbon atoms, an aryl group of 6 to 10 carbon atoms, an 
aryloxy group of 6 to 10 carbon atoms, an alkenyl group of 2 to 10 carbon atoms, an arylalkyi group of 7 to 40 carbon 
atoms, an alkylary) group of 7 to 40 carbon atoms or an arylalkenyl group of 8 to 40 carbon atoms. 
[0079] Z is 
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=BR29. =AIR29, -Ge-, -Sn-, -0-, -S-, =S0. =S02, =NR29, =C0, =PR29 or =P(0)R29 

[0080] In the above formulas, R29 and R^o may be the same or different, and are each a hydrogen atom, a halogen 
atom, an alky! group of 1 to 10 carbon atoms, a fluoroalkyi group of 1 to 10 carbon atoms, an aryl group of 6 to 10 
carbon atoms, a fluoroaryl group of 6 to 10 carbon atoms, an alkoxy group of 1 to 10 carbon atoms, an alkenyl group 
of 2 to 10 carbon atoms, an alkylaryl group of 7 to 40 carbon atoms, an arylalkenyl group of 8 to 40 carbon atoms or 
an arylalkyi group of 7 to 40 carbon atoms. 

[0081] R29 and R^o may form a ring together with the atoms to which they are bonded. 
[0082] 1\/12 is silicon, germanium or tin. 

[0083] The alkyI groups mentioned above may be straight-chain or branched. The halogen atom (halogenation) 
mentioned above is fluorine, chlorine, bromine or iodine, particularly preferably fluorine or iodine. 
[0084] The compound represented by the formula (II) is described in EP-549900 and Canadian Patent No. 2,084,01 7. 
[0085] A metajiocene compound (a2) for use in the preparation of the long-chain branched ethyl en e/a-olefin random 
copolymer that is preferably used in the invention is described in detail in Japanese Patent Application No. 236770/1 995 
and PCT/JP96/02575. 

[0086] In the present invention, a compound represented by the following formula (III) (corresponding to the formula 
(I) in Japanese Patent Application No. 236770/1995) is preferably used as the metallocene compound (a2): 




(III) 



[0087] In the above formula, M is a transition metal atom of Group IVB of the periodic table, specifically titanium, . 
zirconium or hafnium, particulariy preferably zirconium. 

[0088] R^ is a hydrocarbon group of 1 to 6 carbon atoms, and Is preferably an alkyI group whose carbon bonding to 
the indenyl group is primary carbon. Particularly preferable R^ is methyl or ethyl. 
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[0089] R2, r4, r5 and may be the same or different, and are each a hydrogen atom, a halogen atom or the same 
hydrocarbon group of 1 to 6 carbon atoms as defined for R^. 

[0090] R3 is an aryl group of 6 to 16 carbon atoms which may be substituted with a halogen atom, a hydrocarbon 
group of 1 to 20 carbon atoms or an organosilyl group. 

[0091] XI and X2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms which 
may be substituted with halogen, an oxygen-containing group or a sulfur-containing group. 
[0092] Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 
to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -0-, -CO-, -S-, -SO-, 
-SO2-, -NR7-. -P{R7)-, -P(0)(R7)-, -BR7- or -AIR^- (r7 is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 
to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 

[0093] Y is preferably a divalent silicon-containing group or a divalent germanium-containing group, more preferably 
a divalent silicon-containing group, particularly preferably an alkylsilylene group, an alkylarylsilylene group or an ar- 
ylsilylene group. 

[0094] In the present Invention, the metallocene compounds mentioned above can be used singly or in combination 
of two or more kinds. 

[0095] The metallocene compounds can be prepared in accordance with processes described in Journal of Orga- 
nometallic Chem. 288 (1985), pp 63-67, and European Patent Published Application No. 0,320,762. 

Organoaluminum oxy-compound (b) 

[0096] As the organoaluminum oxy-compound (b). an aluminoxane is preferably employed. Specifically, there can 
be used, for example, methylaluminoxane, ethylaluminoxane or methylethylaluminoxane, each of which has usually 
about 3 to 50 recurring units represented by the formula -AI(R)0-(R is an alkyi group). 
[0097] The aluminoxane can be prepared in accordance with a conventional process. 

Compound (c) which reacts with the metallocene compound (a) to fomi an ion pair 

[0098] The compound (ionized ionic compound) (c) which reacts with the metallocene compound (a) to form an ion 
pair is, for example, a Lewis acid such as triphenylboron. MgClg. AI2O3. SIO2-AI2O3 as described In U.S. Patent No 
5,321.106. 

[0099] The ionized ionic compound (c) can be used singly or in combination of two or more kinds. 
Organoaluminum compound (d) 

[0100] The organoaluminum compound (d), which may optionally be used in the invention, includes, for example, 
trialkylalumlnum, dialkylaluminum halide, alkylaluminum sesquihalide and alkylaluminum dihalide. 
[0101] These organoaluminum compounds can be used singly or in combination of two or more kinds. 
[0102] The specific metallocene catalyst for use in the Invention comprises the above-described metallocene com- 
pound (a), and can be prepared from, for example, the metallocene compound (a) and the organoaluminum oxy- 
compound (b) as described above. The catalyst may also be formed from the metallocene compound (a) ((a1 ) or (a2)) 
and the compound (c) which reacts with the metallocene compound (a) to form an ion pair, or from the metallocene 
compound (a), the organoaluminum oxy-compound (b) and the compound (c) which reacts with the metallocene com- 
pound (a) to form an ion pair. In any case, It Is preferable to further use the organoaluminum compound (d) in combi- 
nation. 

[0103] In the copolymerization of ethylene and an a-olefin of 3 to 20 carbon atoms, the components for forming the 
metallocene catalyst, namely, the metallocene compound (a) ((a1) or (a2)), the organoaluminum oxy-compound (b). 
the ion pair-forming compound (c), and optionally, the organoaluminum compound, may be fed separately to a polym- 
erization reactor; or a metallocene catalyst containing the metallocene compound, which Is previously prepared, may 
be supplied for the copolymerization reaction. 

[0104] In the preparation of the metallocene catalyst, a hydrocarbon solvent which is inert to the catalyst components 
can be employed. 

[0105] The copolymerization of ethylene and an a-olefin of 3 to 20 carbon atoms can be carried out under the con- 
ditions of a temperature of usually 40 to 200 *'C. preferably 50 to 150 "*C. particularly preferably 60 to 120 *»C. and a 
pressure of atmospheric pressure to 1 00 kg/cm2, preferably atmospheric pressure to 50 kg/cm^, particularly preferably 
atmospheric pressure to 30 kg/cm^. 

[0106] The copolymerization reaction can be carried out by various polymerization processes, but a solution polym- 
erization process is preferably adopted. In the solution polymerization, the hydrocarbon solvent mentioned above can 
be used as the polymerization solvent. 
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[0107] Though the copolymerization can be carried out batchwise, semlcontinuously or continuously, It is preferably 
carried out continuously. The copolynnerization can be performed in two or more stages under different reaction con- 
ditions. 

[0108] The linear or long-chain branched ethylene/a-olefin random copolymer for use in the invention can be obtained 
by the process described above, and the molecular weight of the copolymer can be modified by changing the polym- 
erization conditions such as polymerization temperature or by controlling the amount of hydrogen (molecular weight 
modifier) used. 

[01 09] In the present invention, the ethylene random copolymer (B1 ) may be an ethylene random copolymer partially 
or completely modified with an unsaturated carboxylic acid or anhydride thereof. The modified ethylene random co- 
polymer contributes to improving ovenwrapping properties and adhesion to substrates such as metals. 

Propviene/1-butene random copolymer (B2) 

[0110] The propylene/1 -butene random copolymer (B2) for use In the invention contains constituent units derived 
from propylene in amounts of 50 to 95 % by mol. preferably 55 to 93 % by mol, more preferably 60 to 90 % by mol, 
and constituent units derived from 1-butene in amounts of 5 to 50 % by mol. preferably 7 to 45 % by mol more preferably 
10 to 40% by mol. 

[0111] The propylene/1 -butene random copolymer (82) may contain constituent units derived from olefins other than 

propylene and 1-butene In small amounts, e.g.. not more than 10 % by mol, desirably not more than 5 % by mol. 

[0112] The propylene/1 -butene random copolymer (82) has a melt flow rate (MFR, ASTM D 1238, 230 ^'C. load of 

2.16 kg) of 0.1 to 50 g/10 min. preferably 0.5 to 30 g/10 min, more preferably 1 to 20 g/10 min. 

[0113] The propylene/1 -butene random copolymer (82) has a molecular weight distribution (Mw/Mn), as determined 

by gel permeation chromatography (GPC). of not more than 3.0. preferably not more than 2.5. 

[01 14] The propylene/1 -butene random copolymer (82) has a parameter B value, which indicates randomness of a 

copolymerlzed monomer sequence distribution, of 1.0 to 1.5, preferably 1,0 to 1.3, more preferably 1.0 to 1.2. 

[0115] The parameter B value was proposed by Cole-man, et al. (B.D. Cole-man and T.G. Fox. J. Polym. Sci A1 

31 83 (1 963)), and is defined as follows. ' *' — ' 



B = P,2/{2PiP2) 

wherein P^ is a first monomer fraction, P2 is a second monomer fraction, and P^j 'S a proportion of the first monomer- 
second monomer sequences to all the dyad sequences. 

[0116] The B value conforms to the Bernoulli's statistics, and in case of B < 1, the copolymer is block-like, while in 
case of B > 1, the copolymer is alternating. 

[0117] In addition to the above properties, the propylene/1 -butene random copolymer (82) desirably has a melting 
point Tm, as measured by a differential scanning calorimeter, of 60 to 140 ^C, preferably 80 to 130 *C. and the melting 
point Tm and the 1-butene constituent unit content M (% by mol) satisfy the relation 

-2.6M + 130 ^ Tm < -2.3M + 155. 

[0118] When the melting point of the propylene/1 -butene random copolymer (B2) exceeds 140 '^C, films of the poly- 
propylene resin composition may require a high heat-sealing temperature of at least 130 °C. When the melting point 
thereof is lower than 60 **C. scratch resistance of films of the composition may be reduced and blocking of films may 
take place in the storage, resulting in difficulty in practical use, though the low-temperature heat-sealing properties are 
improved. 

[0119] The propylene/1 -butene random copolymer (82) desirably has a crystallinity C (%), as measured by X-ray 
diffractometry, and a 1-butene constituent unit content M (% by mol) satisfying the relation 



C>-1.5M + 75. 



[0120] The crystallinity of the propylene/1 -butene random copolymer (B2) is desirably in the range of 15 to 65 %. 
preferably 20 to 60 %. 

[0121] When the propylene/1 -butene random copolymer (B2) having a crystallinity in the above range is used, a 
polypropylene resin composition capable of providing films of excellent scratch resistance, low-temperature heat-seal- 
ing properties and blocking resistance can be obtained. 



EP 0 844 280 B1 



[0122] Further, the propylene/1 -butene random copolymer (B2) may contain regio-irregular units based on 2,1-in- 
sertion of propylene monomer in a ratio of not less than 0.05 % of all the propylene constituent units, as determined 
by a ^^C-NMR spectrum of the copolymer. 

[0123] In the polymerization, the propylene monomer often undergoes 1 ,2-lnsertlon (the methylene side is bonded 
to the catalyst), but sometimes undergoes 2,1 -insertion. The 2,1-inserted monomer forms regio-irregular units in the 
resulting polymer. 

[0124] The ratio of the regio-irregular units based on the 2,1 -insertion to all of the propylene constituent units can 
be calculated from the following equation using ^^c-NMR and making reference to Polymer. 30, 1350 (1989). 



Ratio of regie- (0,5 la^ (stiructures (iii), (v) > 

irregular units + 0.25 laP (structure (iv)} 

units based = ^ ^q0 

on 1,2-insersion laa+iap (structures (iii), (v) ) 

+ 0.5 (lay* lap (structure (iv)) + ia5) 



[0125] Naming of the peaks follows a method of Carman, et al. (Rubber Chem. Techno!.. 44, 781 (1 971 )). Symbols 
lap and the like mean peak areas of the ap peak and the like. 

[0126] If it is difficult to find the area of lap or the like directly from the spectrum because of overlapping of peaks, 
the carbon peak having a corresponding area can be substituted therefor 

[0127] In the propylene/1 -butene random copolymer (B2) for use in the invention, the ratio of the regio-in-egular units 
based on 1 ,3-insertion of propylene monomer may be not more than 0.05 %. 

[0128] The quantity of the triad sequences based on the 1 ,3-insertion can be determined by the Py peak (resonance 
at about 27.4 ppm). 

[0129] The propylene/1 -butene random copolymer (B2) mentioned above can be obtained by copoiymerizing pro- 
pylene and 1 -butene in the presence of an olefin polymerization catalyst comprising: 

(e) a specific transition metal compound, 

(0 an organoaluminum oxy-compound (f-1) and/or a compound (f-2) which reacts with the transition metal com- 
pound (e) to fomn an ion pair, 
and optionally 

(g) an organoaluminum compound. 

[0130] The transition metal compound (e) (sometimes refen-ed to as "component (e)" hereinafter) is represented by 
the following fomriula (IV): 




[0131] In the above formula. M is a transition metal of Group IVB, Group VB or Group VIB of the periodic table, 
preferably titanium, zirconium or hafnium, particularly preferably zirconium. 

[0132] R^ and R^ are each independently a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon 
atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing 
group, a sulfur-containing group, a nitrogen-containing group or a phosphorus-containing group. 
[0133] R^ is a hydrocarbon group of 1 to 20 carbon atoms which may be substituted with either a halogen atom or 
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a silicon-containing group, and is preferably a secondary or tertiary alkyi group of 3 to 20 carbon atoms or an aromatic 
group. 

[0154] R4 is a hydrogen atom or an all<yl group of 1 to 20 carbon atoms which may be substituted with a halogen 
atom or a silicon-containing group. 

[0135] and are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group. 
[0136] Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 
to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-contain- 
ing group, -0-, -CO-. -S-, -SO-, -SO2- or the like. 

[0137] Y is particularly preferably alkylsilylene, alkylarylsilylene or arylsilylene. 

[0138] The transition meal compound (e) represented by the formula (IV) is preferably a compound of said formula 
wherein is methyl. 

[01 39] The transition metal compound used in the invention can be prepared in accordance with processes described 
in Journal of Organometallic Cham. 288 (1 985), pp 63-67, and European Patent Published Application No. 0,320,762. 
[01 40] The organoaluminum oxy-compound (f-1 ) (sometimes referred to as "component (f-1 )" hereinafter) for forming 
the olefin polymerization catalyst used in the invention may be identical with the organoaluminum oxy-compound (b), 
may be aluminoxane generally known or a benzene-insoluble organoaluminum oxy-compound described in Japanese 
Patent Laid-Open Publication No. 78687/1990. 

[0141] The compound (f-2) (sometimes referred to as "component (f-2)" hereinafter) which reacts with the transition 
metal compound (e) to form an ion pair is identical with the ionized ionic compound (c). 

[0142] The organoaluminum compound (g) (sometimes refered to as "component (g)" hereinafter) is, for example, 
an organoaluminum compound represented by the following formula (V): 

R%AIX3^ (V) 

wherein R^ is a hydrocarbon group of 1 to 12 carbon atoms, 
X is a halogen atom or a hydrogen atom, and 
n is 1 to 3. 

[0143] In the formula (V), is a hydrocarbon group of 1 to 12 carbon atoms, such as an alkyI group, a cycloalkyi 
group or an aryl group. 

[0144] Examples of the organoaluminum compound (g) include trialkylaluminum, alkenylaluminum, dialkylaluminum 
haiide, alkylaluminum sesquihalide, alkylaluminum dihalide and alkylaluminum hydride. 

[0145] Also employable as the organoaluminum compound (g) is a compound represented by the following formula 
(VI): 

R^AILj^ (VI) 

wherein R® is the same as defined in the formula (V), 

L is -OR10. -OSiRiig , -OAIR122 . -NRi^g . -SiRi^g or -N(Ri5)AIRi62 group, 

n is 1 to 2. 

Rio, Ri\ R'12 and R^^ are each methyl, ethyl, isopropyl, isobutyl, cyclohexyl, phenyl or the like, 
Ri3 is a hydrogen atom, methyl, ethyl, isopropyl, phenyl, trimethylsilyl or the like, and 
R^^ and R^5 are each methyl, ethyl or the like. 

[0146] Of such organoaluminum compounds, preferable are compounds represented by the formula R^^^Al 
(OAlRi02)3-n' ^o*" example, Et2A10AlEt2 and (iso-Bu)2AiOAl(iso-Bu)2. 

[0147] Of the organoaluminum compounds represented by the formulas (V) and (VI), preferable are compounds of 
the formula R^aAl, and particularly preferable is a compound of said formula wherein R^ is an isoalkyi group. 
[0148] The olefin polymerization catalyst used In the invention is formed from the component (e), the component (f- 
1 ) and/or the component (f-2) (referred to as "component (f)" hereinafter), and optionally, the component (g). The olefin 
polymerization catalyst can be prepared by mixing the component (e). the component (f), and optionally, the component 
(g) in an inert hydrocarbon solvent or an olefin solvent. 

[0149] , An olefin may be prepolymerized onto the components for forming the olefin polymerization catalyst, and the 
resulting prepolymerized catalyst may be used in the invention. 
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[0150] Examples of the olefins preferably used for the prepolymerization include propylene, ethylene and 1-butene. 
Mixtures of these olefins and other olefins may also employable. 

[0151] The propylene/1 -butene random copolymer (B2) for use in the invention can be prepared by copolymerlzing 
propylene and 1-butene in the presence of the olefin polymerization catalyst described above. 
[0152] The polymerization can be carried out as any of liquid phase polymerization, e.g., solution polymerization, 
and solid phase polymerization. 

[01 53] The molecular weight of the resulting propyiene/1 -butane random copolymer (B2) can be modified by allowing 
hydrogen to be present in the polymerization system or changing the polymerization temperature or the polymerization 
pressure. 

[0154] the process for preparing the propylene/1 -butene random copolymer (B2) is described In detail in Japanese 
Patent Laid-Open Publication No. 43284/1995. 

[0155] In the present invention, the propylene/1 -butene random copolymer (82) may be a propyIene/1 -butene ran- 
dom copolymer partially or completely modified with an unsaturated carboxylic acid or anhydride thereof. The modified 
propylene/1 -butene random copolymer contributes to improving ovenA^rapping properties of films of the composition 
and adhesion thereof to substrates such as metals. 

Other components 

[01 56] To the polypropylene resin composition of the invention, resin components other than the polypropylene resin 
(A), the ethylene random copolymer (81) and the propylene/1 -butene random copolymer (82), e.g., a polyethylene 
resin, can be added within limits not prejudicial to the objects of the present invention. Further, various additives, such 
as antioxidants, ultraviolet light absorbers, lubricants, nucleating agents, antistatic agents, flame retardants. pigments, 
dyes and inorganic or organic fillers, can be added. 

Preparation of polypropylene resin composition 

[0157] The polypropylene resin composition of the invention can be prepared byany of known methods. For example, 
the composition can be prepared by mixing the above components with a mixing machine such as a V-type blender, 
a ribbon blender or a Henschel mixer, or kneading them in a kneading machine such as an extruder, mixing rolls, a 
Banbury mixer or a kneader. The polypropylene resin composition may be prepared by mixing and kneading the com- 
ponents using the above-mentioned mixing machine and kneading machine in combination. 
[0158] Because the polypropylene resin composition obtained as above contains the propylene/1 -butene random 
copolymer (82) as the rubber component (8), the dispersibility of the ethylene random copolymer (81) in the polypro- 
pylene resin (A) is good, and diameters of the dispersed particles of the ethylene random copolymer (81) can be 
reduced. As a result, molded products, e.g., films, having improved heat-sealing properties and excellent low-temper- 
ature impact resistance and transparency can be obtained. 

[0159] The propylene/1 -butene random copolymer (82) prepared using the aforesaid catalyst has a molecular weight 
distribution and a composition distribution narrower than those of a propylene/1 -butene random copolymer prepared 
using other conventionally known titanium catalysts. Therefore, when the propylene/1 -butene random copolymer (B2) 
is used, obtainable is a polypropylene resin composition capable of producing films of higher blocking resistance, as 
compared with the case of using a propylene/1 -butene random copolymer prepared by the use of the titanium catalysts. 

EFFECT OF THE INVENTION 

[0160] The polypropylene resin composition of the invention can provide molded products, e.g., films and sheets, 
having not only excellent heat-sealing properties but also excellent low-temperature impact resistance, transparency, 
blocking resistance, blushing resistance and scratch resistance. 

[0161] The polypropylene resin composition of the invention is suitable for films and sheets desired to have heat- 
sealing properties, low-temperature impact resistance, transparency, blocking resistance, blushing resistance and 
scratching resistance, such as packaging films, and besides it can be molded into other products. 

EXAMPLE 

[01 62] The present invention is further described with reference to the following examples, but It should be construed 
that the invention is in no way limited to those examples. 

[0163] Films produced from polypropylene resin compositions obtained in the following examples were evaluated 
on the low-temperature impact resistance, transparency, gloss, slip properties, blocking resistance and heat-sealing 
properties by the following test methods. 
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(1) Low-temperature impact resistance (impact strength) 

[01 64] The impact strength was measured in accordance with JIS-P81 34 (measuring temperature: 0 The impact 
tester used has a capacity of 30 kg/cm cm, and a hammer head of the tester has a diameter of 1/2 inch. 

5 

(2) Transparency (haze) 

[0165] The haze was measured in accordance with ASTM D 1003. 
10 (3) Gloss 

[0166] The gloss was measured in accordance with ASTM D 523 

(4) Slip properties (static friction coefficient, dynamic fiction coefficient) 

15 

[0167] After the film was annealed at40 °C for one day, the static friction coefficient and the dynamic friction coefficient 
were measured in accordance with ASTM D 1894. 

(5) Blocking resistance (blocking force) 

20 

[0168] After the film was annealed at 50 °C for one day, the blocking force was measured in accordance with ASTM 
D 1893. 

(6) Heat-sealing properties (heat-sealing strength) 

25 

[01 69] The films were superposed one upon another, then heat-sealed under the conditions of a temperature of 1 30 
°C, 140 °C, 150 °C or 1 60 °C, a pressure of 2 kg/cm^, a period of 1 second and a sealing bar with of 5 mm, and allowed 
to stand for cooling. Then, the films thus heat-sealed at each temperature were cut to give a specimen having a width 
of 15 mm. The specimen was subjected to a peel test at a crosshead speed of 200 mm/min to measure a peel strength 
30 of the heat-sealed portion. 

(7) Blushing resistance 

[0170] The injection molded square plate was subjected to the drop-weight test and then the blushing resistance 
35 was visually evaluated. 

(8) Scratching resistance 

[0171] The film was laminated on a steel sheet and the scratching resistance was evaluated by means of pencil 
<o hardness. 

Preparation Example 1 

Preparation of propylene/1 -butene random copolymer (PBR-1) 

45 

[0172] To a 2-liter autoclave thoroughly purged with nitrogen. 900 ml of hexane and 60 g of 1 -butene were introduced. 
To the autoclave, 1 mmol of triisobutylaluminum was added. After the temperature of the system was elevated to 70 
°C, propylene was fed so that the total pressure became 7 kg/cm2-G. To the system, 0.30 mmol of methylaluminoxane 
and 0.001 mmol (in terms of 2r atom) of rac-dimethylsitylene-bis{1-(2-methyl-4-phenylindenyl)}zirconium dichlorlde 

50 were added, and then propylene was continuously fed to perform polymerization for 30 minutes with keeping the total 
pressure at 7 kg/cm2-G. After the polymerization, gaseous matter was removed from the system, and the resulting 
polymer was recovered in a large amount of methanol, followed by drying at 1 1 0 *'C for 1 2 hours under reduced pressure. 
[0173] The yield of the polymer (propylene/1 -butene random copolymer (PBR-1)) was 39.7 g. The polymerization 
activity was 79 kg-polymer/mmol-Zr hr. 

55 [0174] The polymer contained 24 % by mol of constituent units derived from 1-butene, and had a melt flow rate 
(ASTM D 1238, 230 °C, load of 2.16 kg) of 6.8 g/10 min. a molecular weight distribution (Mw/Mn, measured by GPC) 
of 2.05, a B value of 1 .00. a melting point (Tm) of 91 ®C and a crystallinity (measured by X-ray diffractometry) of 40 %. 
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Preparation Example 2 

Preparation of propylene/1 -butene random copolymer (PBR-2) 

[0175] To a 2-liter autoclave thoroughly purged with nitrogen, 830 ml of hexane'and 100 g of 1 -butene were Intro- 
duced. To the autoclave, 1 mmol of triisobutylalumlnum was added. After the temperature of the system was elevated 
to 70 °C, propylene was fed so that the total pressure became 7 kg/cm^-G. To the system. 1 mmol of triethylaluminum 
and 0.005 mmol (in terms of Ti atom) of a magnesium chloride-supported titanium catalyst were added, and then 
propylene was continuously fed to perfonm polymerization for 30 minutes with keeping the total pressure at 7 kg/cm2- 
G. After the polymerization, gaseous matter was. removed from the system; and the resulting polymer was recovered 
in a large amount of methanol, followed by drying at 110 °C for 12 hours under reduced pressure. 
[0176] The yield of the polymer (propylene/1 -butene random copolymer (PBR-2)) was 33.7 g. The polymerization 
activity was 14 kg-polymer/mmol-Tl hr. 

[0177] The polymer contained 23 % by mol of constituent units derived from 1-butene, and had a melt flow rate 
(ASTM D 1238, 230 *»C. load of 2.16 kg) of 6.4 g/10 min, a molecular weight distribution (Mw/Mn. measured by GPC) 
of 4.52, a B value of 0.92, a melting point (Tm) of 110 and a crystallinity (measured by X-ray diffractometry) of 48 %. 

Example 1 

[0178] In a Henschel mixer, 11 parts by weight of an ethylene/propylene random copolymer (EPR) having an ethylene 
content of 81 % by mol, MFR (ASTM D 1238. 190 «C, load of 2.16 kg) of 1 .0 g/10 min, a density of 0.870 g/cm^ and 
a crystallinity (measured by X-ray diffractometry) of 6 % was mixed with 4 parts by weight of the propylene/1 -butene 
random copolymer (PBR-1) obtained In Preparation Example 1. The mixture was extruded by an extruder equipped 
with a pelietizer to obtain pellets of a rubber component. 

[0179] Then, 15 parts by weight of the pellets of the rubber component and 85 parts by weight of a polypropylene 
resin (random PP) having an ethylene content of 2.3 % by mol, MFR (ASTM D 1238, 230 **C, load of 2.16 kg) of 6.5 
g/10 min, a melting point of 141 °C and an isotactic index (I.I.) of 96 % were mixed in a Henschel mixer. The mixture 
was melted by an extruder and fed to a film forming die at a resin temperature of 200 °C. to obtain a film having a 
thickness of 50 ^im. 

(01 80] The film was evaluated on the low-temperature impact resistance, transparency, gloss, slip properties, block- 
ing resistance and heat-sealing properties by the aforesaid test methods. 
[0181] The results are set forth in Table 1 . 

Example 2 

[01 82] A film having a thickness of 50 ^im was obtained in the same manner as in Example 1 , except that an ethylene/ 
1-octene random copolymer (EOP) having an ethylene content of 84 % by mol, MFR (ASTM D 1238, 190 ^C, load of 
2.16 kg) of 1.8 g/10 min, a density of 0.869 g/cm^ and a crystallinity (measured by X-ray diffractometry) of 6 % was 
used in place of the ethylene/propylene random polymer (EPR). 

[0183] The film was evaluated on the low-temperature impact resistance, transparency, gloss, slip properties, block- 
ing resistance and heat-sealing properties by the aforesaid test methods. 
[01 84] The results are set forth in Table 1 . 

Comparative Example 1 

[0185] A film having a thickness of 50 ^im was obtained in the same manner as in Example 1, except that the pro- 
pylene/1 -butene random copolymer (PBR-1) was not used. 

[0186] The film was evaluated on the low-temperature impact resistance, transparency, gloss, slip properties, block- 
ing resistance and heat-sealing properties by the aforesaid test methods. 
[0187] The results are set forth in Table 1. 

Comparative Example 2 

[0188] A film having a thickness of 50 ^m was obtained in the same manner as in Example 1 , except that the pro- 
pylene/1 -butene random copolymer (PBR-2) obtained in Preparation Example 2 was used in place of the propylene/ 
1 -butene random copolymer (PBR-1). 

[01 89] The film was evaluated on the low-temperature impact resistance, transparency, gloss, slip properties, block- 
ing resistance and heat-sealing properties by the aforesaid test methods. 
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[0190] The results are set forth in Table 1 . 



Table 1 
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2.5 
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12.0 


11.7 


11.0 




16.6 


16.5 


14.7 


15.5 


160°C 


15.4 


15.8 


13.9 


13.9 



* 1: Polypropylene resin (Ethylene content: 2.3 mol%, MFR (23CrC): 6.5 g/10 min Tm: UI^C) 

* 2: Ethylene/propylene random copolymer Propylene content: 19 mol%. MFR (190°C): 1.0 g/10 min) 

* 3: Ethylene/1 -octene random copolymer (l-octene content: 16 mol%. MFR (190*C): 1.8 g/10 min) 

* 4: Propylene/1 -butene random copolymer {1-butene content: 24 moi%, MFR (230^0): 6.8 g/10 min. Tm: 9rC) 

* 5: Propylene/ 1-butene random copolymer (1-butene content: 23 mol %. MFR (230»C): 6.4 g/10 min. Tm: 110 "C) 



Claims 

1 . A polypropylene resin composition comprising 

(a) 50-99 wt.-% of a polypropylene resin (A) and 

(b) 50-1 wt.-% of a rubber component (B) comprising 

b1) an ethylene random copolymer (B1 ) of ethylene and a C3.20 a-olefin. and having the following prop- 
erties: 

(1-1) a density of 0,850-0.900 g/cm^, 

(2-1) a melt flow rate (ASTM D 1238. 190°C. 2.16kg load) of 0.1-30 g/10 min, and 
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(3-1) a degree of crystallinity, measured by X-ray diffractometry, of less than 40%; and 

(b2) a propylene/1 -butene random copolymer (B2) containing 50-95 mol-% of constituent units derived 
from propylene and 5-50 mol-% of constituent units derived from 1 -butene, and having the following prop- 
erties: 

(1-2) a melt flow rate (ASTM D 1238, 230°C. 2.16 kg load) of 0.1-50g/10 min, 

(2-2) a molecular weight distribution (Mw/Mn), determined by GPC, of not more than 3.0, and 

(3-2) a B-value, indicating the randomness of the copolymerized monomer sequence distribution, of 
1.0-1.5, wherein B = Pi2^(2Pi x P2), where P^ is the molar fraction of the first monomer. P2 is the 
molar fraction of the second monomer and P^j 's the proportion of the first monomer-second monomer 
sequences to all the dyad sequences; and 

the weight ratio (81 )/(B2) of the ethylene random copolymer (B1 ) to the propylene/1 -butene random co- 
polymer (82) in the rubber component (8) Is In the range of 95/5 to 20/80. 

Composition according to claim 1, wherein (81) is a linear ethylene/a-olefin random copolymer. 

Composition according to claim 2. wherein (81) has the following additional properties: 

(4-1) an intrinsic viscosity (r\), measured in decahydronaphtalene at 135°C, of 0.3-3.0 dl/g, 

(5-1) a glass transition temperature (Tg) of not more than -50°C, 

(6-1) a molecular weight distribution (Mw/Mn), determined by GPC, of not more than 3.0, 

(7-1 ) a B-value, Indicating the randomness of the copolymerized monomer sequence distribution, of 1 .0-1 .4, 

wherein B = Poe/(2Po x Pe). where Pg Is the molar fraction of the ethylene component, Pq is the molar fraction 

of the /a-olefin component, and Pqe is the proportion of the number of ethylene//a-olefin alternating sequences 

to all the dyad sequences; and 

(8-1) a ratio gr|* of the intrinsic viscosity (t|) (property (4-1)) to the intrinsic viscosity (Ti)biank. measured in 
decahydronaphtalene at 135°C. of a linear ethylene/propylene copolymer having the same weight-average 
molecular weight (measured by a light scattering method) as this copolymer and having an ethylene content 
of 70 mol-%, (Tl)/(r|)biank. of more than 0.95. 

Composition according to claim 1, wherein (B1) has the following additional properties: 

(4-1) an intrinsic viscosity measured in decahydronaphtalene at 135X, of 0.3-3.0 dl/g. 

(5-1) a glass transition temperature (Tg) of not more than -50°C, 

(6-1 ) a molecular weight distribution (Mw/Mn). determined by GPC, of not more than 3.0, 

(7-1) a B-value, as defined in claim 3, of 1.0-1.4; and 

(8-1) a ratio gr|*, as defined in claim 3, of 0.2-0.95. 

Composition according to any of claims 1 to 4. wherein (B2) further has the following properties 
(3-2) a B-value of 1.0-1.3, 

(4-2) a melting point Tm, measured by a differential scanning calorimeter, of 60-1 40°C, and Tm and the 
1 -butene constituent unit content M (mol-%) satisfy the relation 

-2.6M + 130 < Tm ^ -2.3M + 155. 



and 



EP 0 844 280 B1 

(5-2) the degree of crystallinlty C (%), measured by X-ray diffractometry, and the 1-butene constituent unit 
content M {mol-%) satisfy the relation 

C >+1.5M + 75. 

6. Use of a polypropylene resin composition according to any of claims 1 to 5 for the production of polymer films or 
sheets. 



Revendicatlons 

1. Composition de resine de polypropylene comprenant 

(a) 50 a 99 % en poids d'une resine de polypropylene (A) et 

(b) 50 S 1 % en poids d'un composant de type caoutchouc (B) comprenant 

b1) un copolymere statistique d'ethylene (B1) d'ethylene et d'une a-oI6fine en C3.20. et presentant les 
propri^t^s suivantes : 

(1-1) une masse volumique de 0,850 d 0.900 g/ cm^. 

(2-1) un Indice de fluidity ^ I'6tat fondu (norme ASTM D 1238. 190 *C. charge de 2,16 kg) de 0,1 d 

30g/10min, et 

(3-1) un degre de cristallinit6, mesure par diffractometrie des rayons X, de moins de 40 % ; et 

b2) un copolymere statistique propyl6ne/1 -but6ne (82) contenant 50 d 95 % en moles de motifs constitutifs 
derives du propylene et 5 ^ 50 % en moles de motifs constitutifs d6riv6s du 1 -butane, et pr6sentant les 
propri^tes suivantes : 

(1-2) un indice de fluidity a I'etat fondu (norme ASTM D 1238, 230 °C, charge de 2,16 kg) de 0,1 ^ 
50g/10min. 

(2-2) une distribution de masse mol6culaire (Mp/Mn) determinee par (chromatographie par perm6a- 
tion de gel) (GPC), ne depassant pas 3,0, et 

(3-2) une vaieur B, indiquant le caractere statistique de la distribution des sequences de monomeres 
copolymerises. de 1 ,0 a 1 ,5. sachant que B = 9^2^29^ x Pj) ou represente la fraction molaire du 
premier monomere, P2 represente la fraction molaire du second monom^re et P^2 represente la pro- 
portion des sequences premier monomere-second monomere par rapport a toutes les sequences de 
diades ; 

et le rapport ponderal (B1 )/(B2) du copolymere statistique d'ethylene (B1 ) au copolymere statistique propylene/ 
1-butene (B2) dans le composant de type caoutchouc (B) est situ6 dans la gamme allant de 95/5 a 20/80. 

2. Composition selon ta revendlcation 1 , dans laquelle (B1 ) est un copolymere statistique ethylene/ a-olefine lin^aire. 

3. Composition selon la revendication 2, dans laquelle (B1 ) presente les proprietes supplementaires suivantes : 

(4-1) une viscosite intrinseque (ti), mesuree dans le decahydronaphtalene d 135 *»C, de 0,3 d 3.0 dl/g, 
(5-1) une temperature de transition vitreuse (Tv) ne depassant pas -50 '^C. 
(6-1) une distribution de masse moleculaire (Mp/Mn), determinee par GPC, ne depassant pas 3,0, 
(7-1) une vaieur B, indiquant le caractere statistique de la distribution des sequences de monomeres copoly- 
merises, de 1,0 a 1.4. sachant que B = Poe/(2Po x Pe) repr6sente la fraction molaire du composant 
ethylene, Pq represente la fraction molaire du composant /a-ol6fine, et Pqe repr6sente la proportion du nombre 
de sequences alternees 6thyiene//a-oief»ne par rapport S toutes les sequences de diades ; et 
(8-1 ) un rapport gr\* de la viscosite intrinseque (ii) (propriete (4-1 )) a la viscosite intrinseque (Ti)t6moin' mesure 
dans le decahydronaphtalene a 135 °C, d'un copolymere ethylene/propylene lineaire presentant la meme 
masse moleculaire moyenne en poids (mesuree par un precede de diffusion de la lumiere) que ce copolymere 
et presentant une teneur en ethylene de 70 % en moles, (Ti)/(Ti)t6moin» P'us de 0.95. 
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4. Composition selon la revendication 1 , dans laquelle (B1 ) presents les propri6t6s supplementaires suivantes : 

(4-1) una viscosite Intrinseque {r\), mesuree dans le decahydronaphtal6ne a 135 **C, de 0,3 d 3,0 dl/g, 

(5-1) una temperature de transition vitreuse (Tv) ne depassant pas -50 '^C, 

(6-1) una distribution de masse moleculaire (Mp/Mn), determinee par GPC, ne depassant pas 3,0, 

(7-1) une valeur B, telle que d^finie dans la revendication 3, de 1,0 a 1,4 ; et 

(8-1) un rapport gri*. tel que defini dans la revendication 3, de 0,2 a 0,95. 

5. Composition selon I'une quelconque des revendicatlons 1 a 4, dans laquelle (B2) pr^sente encore tes proprietes 
suivantes : 

(3-2) une valeur B de 1 ,0 a 1 ,3, 

(4-2) un point de fusion Tf, mesur6 d I'aide d'un calorimetre diff6rentlel, de 60 d 140 °C, et Tf et la teneur M 
(% en moles) en motifs constltutifs 1 -butane satisfont la relation 

-2,6M + 130<Tf<-2,3M + 155, 

et 

(5-2) la degr6 de cristallinite C (%), mesure par diffractom6trie des rayons X, et la teneur M (% en moles) en 
motifs constltutifs 1 -butane satisfont ta relation 

C>+1.5M + 75. 

6. Utilisation d'une composition de r6sine de polypropylene selon Tune quelconque des revendlcations 1 a 5 pour la 
production de feuilies ou de films de polym^re. 



Patentanspruche 

1. Polypropylenharz-Zusammensetzung, umfassand 

(a) 50 bis 99 Gew.% eines Polypropylenharzes (A) und 

(b) 50 bis 1 Gew.% eines Gummibestandteils (B), umfassend 

(bl) ein statistisches Ethylen-Copolymer (B1) aus Ethylen und einem C3.2o-a-Olefin mit den folgenden 
Eigenschaften: 

(1-1) eine Dichte von 0,85 bis 0,9 g/cm^, 

(2-1) eine Schmelzflussrate (ASTM D 1238, 190°C, 2,16 kg Beladung) von 0,1 bis 30 g/10 min. und 
(3-1 ) einen Grad der Kristallinitat. gemessen durch Rontgendiffraktometrie. von weniger als 40 %; und 

(b2) ein statistisches Propylen/1-Buten-Copolymer (B2), enthaltend 50 bis 95 moI-% an konstltuierenden 
Einheiten, abgeleitet von Propylen, und 5 bis 50 % an konstltuierenden Einheiten, abgeleitet von 1-Buten. 

und mit den folgenden Eigenschaften: 

(1-2) eine Schmelzflussrate (ASTM D 1238, 230*»C, 2,16 kg Beladung) von 0,1 bis 50 g/10 min. 
(2-2) eine Molekulargewichtsverteilung (Mw/Mn), bestimmt durch GPC, von nicht mehr als 3, und 
(3-2) einen B-Wert, der die Statistik der copolymerisierten Monomersequenzverteilung angibt, von 1 
bis 1,5, worin B = P^2^(2P^ x P2) ist, worin P^ die molare Fraktion des ersten Monomers ist, Pj ist 
die molare Fraktion des zweiten Monomers und P^j ist das VerhSltnis der ersten Monomer-zweiten 
Monomer-Sequenzen zu alien zweiwertigen Sequenzen; 

und wobei das Gewichtsverhaltnis (B1)/(B2) des statistischen Ethylen-Copolymers (B1) zu dem statistischen 
Propylen/1-Butan-Copolymer (B2) in dem Gummibestandteil (B) im Bereich von 95/5 bis 20/80 liegt. 



EP 0 844 280 B1 



2. Zusammensetzung gemass Anspruch 1, wobei (B1) ein statistisches lineares Ethylen/a-Olefin-Copolymer ist. 

3. Zusammensetzung gemass Anspruch 2, wobei (B1 ) die folgenden zusatzlichen Eigenschaften aufweist: 

(4-1) eine intrlnsische Viskosltat (ti), gemessen in Decahydronaphthalin bei 135°C. von 0,3 bis 3 dl/g, (5-1) 
eine Glasubergangstemperatur (Tg) von nicht mehr als -50°C, 

(6-1) eine Molekulargewichtsvertellung (Mw/Mn). bestimml durch GPC. von nicht mehr als 3, 
(7-1) einen B-Wert, der die Statistik der copolymerisierten Monomersequenzverteilung angibt, von 1 bis 1,4, 
worin B = Poe/(2po x Pe) ist. wobei Pg die molare Fraktion des Ethylen-Bestandteils ist, Pq ist die molare 
. Fraktion des /a-Olefin-Bestandteils und Pq^ ist das Verhaltnis der Zahl der Ethylen//a-Olefin-alternierenden 
Sequenzen zu alien zweiwertigen Sequenzen; und 

(8-1) ein Verhaltnis gr^* der intrinsischen Viskositat (ti) [Eigenschaft (4-1)] zu der intrinsischen Viskositat 
(Tl)Leerwert. gemessen in Decahydronaphthalin bei 135°C, eines linearen Ethylen/Propylen-Copolymers mit 
dem selben gewichtsbezogenen durchschnittlichen Molekulargewicht (gemessen durch die 
Lichtstreuungsmethode) wie dieses Copolymer und mIt einem Ethylengehalt von 70 mol-% von {Ti)/(il)Leerwert 
von mehr als 0.95. 

4. Zusammensetzung gemass Anspruch 1 , worin (B1 ) die folgenden zusatzlichen Eigenschaften aufweist: 

(4-1) eine intrinsische Viskositat (-n), gemessen in Decahydronaphthalin bei 135^C von 0,3 bis 3 dl/g. (5-1) 
eine Glasubergangstemperatur (Tg) von nicht mehr als -50*C, 

(6-1) eine Molekulargewichtsverteilung (Mw/Mn), bestimmt durch GPC, von nicht mehr als 3, 
(7-1) eInen B-Wert. wie in Anspmch 3 definiert, von 1 bis 1 ,4. und 
(8-1) ein Verhaltnis gr\*, wie in Anspruch 3 definiert. von 0,2 bis 0,95. 

5. Zusammensetzung gemass einem der Anspruche 1 bis 4. worin (B2) welterhin die folgenden Eigenschaften auf- 
weist: 

(3-2) einen B-Wert von 1 bis 1,3, 

(4-2) einen Schmelzpunkt (Tm), gemessen mit einem Katorimeter mit Differentialabtastung von 60 bis 1 40*'C, 
wobei Tm und der Gehalt M (mol-%) der 1-Buten-Bestandteil-Einheit dem Verhaltnis 

-2,6M + 130 < Tm < -2.3M + 155 

und 

(5-2) der Grad der Kristallinitat C (%), gemessen durch Rontgendiffraktometrie und der Gehalt M (mol-%) der 
l-Buten-Bestandteilseinheit der Gleichung 

C^+l,5M + 75 

entsprechen. 

6. Verwendung einer Polypropylenharz-Zusammensetzung gemass einem der Anspruche 1 bis 5 fCir die Herstellung 
von Polymerfilmen oder Slattern. 



